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V XXXI. Investigations in Optics, with special reference to the 
Spectroscope. By Lorp Rayuricn, .A.S.* 


[Plate VIL] 
§ 1. Resolving,.or Separating, Power of Optical Instruments. 


CCORDING: to the principles of common optics, there is 
no limit to resolving-power, nor any reason why an 
object, sufficiently well lighted, should be better seen with a 
large telescope than with a small one. In order to explain 
the peculiar advantage of large instruments, it is necessary to 
discard what may be looked upon as the fundamental principle 
of common optics, viz. the assumed infinitesimal character of 
the wave-length of light. It is probably for this reason that 
the subject of the present section is so little understood out- 
side the circles of practical astronomers and mathematical 
physicists. 

It is a simple consequence of Huyghens’s principle, that the 
direction of a beam of limited width is to a certain extent in- 
defimite. Consider the case of parallel light incident perpen- 
dicularly upon an infinite screen, in which is cut a circular 
aperture. According to the principle, the various points of 
the aperture may be regarded as secondary sources emitting 
synchronous vibrations. In the direction of original propa- 
gation the secondary vibrations are all in the same phase, and 
hence the intensity is as great as possible. In other direc- 
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262 Lord Rayleigh’s Investigations in Optics. 


tions the intensity is less; but there will be no sensible dis- 
crepancy of phase, and therefore no sensible diminution of 
intensity, until the obliquity is such that the (greatest) pro- 
jection of the diameter of the aperture upon the direction in 
question amounts to a sensible fraction of the wave-length of 
the light. So long as the extreme difference of phase is less 
than a quarter of a period, the resultant cannot differ much 
from the maximum; and thus there is little to choose between 
directions making with the principal direction less angles than 
that expressed in circular measure by dividing the quarter 


wave-length by the diameter of the aperture. . Direct antago- 


nism of phase commences when the projection amounts to half 
a wave-length. When the projection is twice as great, the 
phases range over a complete period, and it might be supposed 
at first sight that the secondary waves would neutralize one 
another. In consequence, however, of the preponderance of 
the middle parts of the aperture, complete neutralization does 
not occur until a higher obliquity is reached. 

This indefiniteness of direction is sometimes said to be due 

to “diffraction” by the edge of the aperture—a mode of ex- 
pression which I think misleading. From the point of view 
of the wave-theory, it is not the indefiniteness that requires 
explanation, but rather the smallness of its amount. 
_ df the circular beam be received upon a perfect lens, an 
image 1s formed in the focal plane, in which directions are 
represented by points. The image accordingly consists of a 
central disk of light, surrounded by luminous rings of rapidly 
diminishing brightness. It was under this form that the 
problem was originally investigated by Airy*. The angular 
radius @ of the central disk is given by 


r 
ae be C 
g—]1 2197 Se, 


in which \ represents the wave-length of light, and 2R the 
(diameter of the) aperture. ; 

In estimating theoretically the resolving-power of a tele- 
scope on a double star, we have to consider the illumination of 
the field due to the superposition of the two independent 
images. Ifthe angular interval between the components of 
the star were equal to 20, the central disks would be just in 
contact. Under these conditions there can be no doubt that 
the star would appear to be fairly resolved, since the bright- 


ness of the external ring-systems is too small to produce any 


* Camb. Phil. Trans, 1834. 
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material confusion, unless indeed the components are of very 
unequal magnitude. 


The diminution of star-disks with increasing aperture was 
observed by W. Herschel ; and in 1823 Frauenhofer formu- 
lated the law of inverse proportionality. In investigations 
extending over a long series of years, the advantage of a large 
aperture in separating the components of close double stars 
was fully examined by Dawes*. Ina few instances it hap- 
pened that a small companion was obscured by the first bright 
luminous ring in the image of a powerful neighbour. A di- 
minution of aperture had then the eftect of bringing the smaller 
star into a more favourable position for detection; but in 
general the advantage of increased aperture was very appa- 
rent even when attended by considerable aberration. 

The resolving-power of telescopes was investigated also by 
Foucaultt, who employed a scale of equal bright and dark 
alternate parts: it was found to be proportional to the aper- 
ture and independent of the focallength. In telescopes of the 
best construction the performance is not sensibly prejudiced 
by outstanding aberration, and the limit imposed by the finite- 
ness of the waves of light is practically reached. Verdet{ has 
compared Foucault’s results with theory, and has drawn the 
conclusion that the radius of the visible part of the image of 
a luminous point was nearly equal to the half of the radius of 
the first dark ring. | 

Near the margin of the theoretical central disk the illumi- 
nation is relatively very small, and consequently the observed 
diameter of a star-disk is sensibly less than that indicated in 
equation (1), how much less depending in some measure upon 
the brightness of the star. That bright stars give larger disks 
than faint stars is well known to practical observers. 

With a high power, say 100 for each inch of aperture, the 
sharpness of an image given by a telescope is necessarily de- 
teriorated, the apparent breadth of a point of light being at 
Jeast 8L minutes. In this case the effective aperture of the 
eye is ;4, inch. In his paper on the limit of microscopic 
vision§, Helmholtz has shown that the aperture of the eye 
cannot be much contracted without impairing definition—from 
which it follows that the limit of the resolving-power of tele- 
scopes is attained with a very moderate magnification, pro- 
bably about 20 for each inch in the aperture of the object-glass 
or mirror. | | 

* Mem. Astron. Soc. vol. xxxv. 

t+ Ann. del Observ. de Paris, t. v. 1858. 
t Legons d’ Optique Physique, t. 1. p. 809. 
§ Poge. Ann, J cg 1874. 
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264 Lord Rayleigh’s Investigations in Optics. 


We have seen that a certain width of beam is necessary to 
obtain a given resolving-power ; but it does not follow that the 
whole of an available area of aperture ought to be used in order 
to get the best result. As the obliquity to the principal direc- 
tion increases, the first antagonism of phase which sets in is 
between secondary waves issuing from marginal parts of the 
aperture ; and thus the operation of the central parts is to retard 
the formation of the first dark ring. This unfavourable influ- 
ence of the central rays upon resolving-power was well known 
to Herschel, who was in the habit of blocking them off by a 
cardboard stop. The image due to an annular aperture was 
calculated by Airy ; and his results showed the contraction of 
the central disk and the augmented brightness of the surround- 


ing rings*. More recently this subject has been ably treated 


by M. Ch. Andrét, who has especially considered the case in 
which the diameter of the central stop is half the full aperture. 


‘How far it would be advantageous to carry the operation of : 


blocking out the central rays would doubtless depend upon the 
nature of the object under examination. Near the limit of the 
power of an instrument a variety of stops ought to be tried, 
Possibly the best rays to block out are those not quite at the 
centre (see § 2). 

The fact that the action of the central rays may be disad- 
vantageous shows that in the case of full aperture the best 
effect 1s not necessarily obtained when all the secondary waves 
arrive in the same phase at the focal point. If by a retarda- 
tion of half’ a wave-length the phase of any particular ray is 
reversed, the result is of the same character as if that ray were 
stopped. Hence an exactly parabolic figure is not certainly 
the best for mirrors. 

The character of the image of a luminous line cannot be 
immediately deduced from that of a luminous point. It 
has, however, been investigated by M. André, who finds that 
the first minimum of illumination occurs at a somewhat lower 
obliquity than in the case of a point. A double line is there- 
fore probably more easily resolvable than a double point ; but 
the difference is not great. In the case of a line the minima 
are not absolute zeros of illumination. 


§ 2. Rectangular Sections. 


The diffraction -phenomena presented by beams of rectan- 
gular section are simpler in theory than when the section is 
circular ; and they have a practical application in the spectro- 

* See also Astron. Month. Notices, xxxiii. 1872. 


T “Etude de la Diffraction dans les Instruments d’Optique,” Ann. de 
? Ecole Norm, y. 1876. | 
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scope, When the beam is limited by prisms or gratings rather 
than by the object-glasses of the telescopes. 

Supposing, for convenience, that the sides of the rectangle 
are horizontal and vertical, let the horizontal aperture be a and 
the vertical aperture be 6. As in § 1, there will be no direct 
antagonism among the phases of the secondary waves issuing 
in an oblique horizontal direction, until the obliquity is such 
that the projection of the horizontal aperture a is equal to 42. 
At an obliquity twice as great the phases range over a com- 
plete period; and, since all parts of the horizontal aperture have 
an equal importance, there is in this direction a complete ab- 
sence of illumination. In like manner, a zero of illumination 
occurs in every horizontal direction upon which the projection 
of a amounts to an exact multiple of 2. 

The complete solution of the present problem, applicable to 
all oblique directions, is given in Airy’s ‘ Tracts, 4th edition, 
p. 316, and in Verdet’s Legons, t. i. p. 265. If the focal length 
of the lens which receives the beam be /, the illumination I? 
at a point in the focal plane whose horizontal and vertical co- 
ordinates (measured from the focal point) are £,, is given by 


ap TEES Bake 007) 
2 Q 
sin sin? — 
ah 


2 Af Ne (1) 


a VP rae why?! ft 
the intensity of the incident light being unity: The image is 
traversed by straight vertical and horizontal lines of darkness, 
whose equations are respectively 


_ 10 . bn 
—-= Ee Oa. Lowes cee 

oy 0, sin F v (2) 

The calculation of the image due to a luminous line (of 
uniform intensity) is facilitated in the present case by the 
fact that the law of distribution of brightness, as one coordi- 
nate varies, is independent of the value of the other coordinate. 


Thus the distribution of brightness in the image of a vertical 
line is given by 


the same law as obtains for a luminous point when horizontal 
directions are alone considered. It follows from (3) that in 


the spectroscope the definition is independent of the vertical 
aperture, S 
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The third and sixth columns show the intensity in various 
directions relatively to the intensity in the principal diréction 
(w=0); and the curve ABCD (fig. 2) exhibits the same 
results to the eye. A comparison with Table I. shows that a 
considerable advantage has been gained, the relative illumina- 
tion at B being reduced from :4053 to +3205. On the other 
hand, the augmented brightness of the first lateral band 
(towards C) may be unfavourable to good definition. . The 
second bright lateral band (towards D) is nearly obliterated. 
The curve E’ BE F represents the resultant illumination due 
to a double line whose components are of the same strength, 
and at the same angular interval as before. The relatively 
much more decided drop at B indicates a considerable im- 
provement in resolving-power, at least on a double line of this 
degree of closeness. : 

The increased importance of the first lateral band is a ne- 
cessary Consequence of the stoppage of the central rays ; for 
in this direction the resultant has a phase opposite to that of 
the rays stopped. The defect may be avoided in great measure 
by blocking out rays somewhat removed from the centre on 
the two sides, and allowing the central rays themselves to pass. 
As an example, I have taken the case in which the two parts 
stopped have each a width of one eighth of the whole aperture, 
with centres situated at the points of trisection (fig. 3). 


- 


The function / suitable to this case is readily proved to be 


j=U2 (sin u— 2sin ¥ cos). esses (9) 


Tke values of f and j’~f? are given in Table III.; and the 
intensity-curve A BC D is shown in fig. 4. | 


TABLE ITI. | 
fre ee ae 
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+75 10000 || 2 ~ +2199 0801 
6594 | +7797 i —-0689 | -0084 
‘A215 ‘3158 +1125 0295 

41-1959 0282 2189 0852 

—-1218 0264. 1960 0684. 
2492 | +4043 
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rise at C is much less. Probably this arrangement is about as 


ient as any. 
a ee desvoured to test these conclusions experimentally 


-with the spectroscope, using the double soda-line. The hori- 


zontal aperture of a single-prism instrument was narrowed by 
oradually advancing cardboard screens until there was scarcely 
any appearance of resolution. The interior rays were blocked 
out with vertical wires or needles, adjusted until they occupied 
the desired positions when seen through the telescope with 
eyepiece removed. With the arrangements either of fig. 2 or 
of fig. 4 a very decided Improvement on the full aperture was 
observed ; but there was no distinct difference between these 
two arrangements themselves. Indeed, no such difference was 
to be expected, since the brightness of the first lateral band 
has no bad effect on the combined images, as appears from the 
curve H’ BE F (fig. 2). Under other circumstances the in- 
fluence of the bright lateral band might be more unfavourable. 

In powerful spectroscopes the beam is often rendered un- 
symmetrical in brightness by absorption. In such cases an im- 
provement would probably be effected by stopping some of the 
rays on the preponderating side, for which purpose a sloping 
screen might be used giving a variable vertical aperture. It 
should be noticed, however, that it is only when the vertical 
aperture is constant that the image of a luminous line is im- 
mediately deducible from that of a luminous point. 


§ 3.- Optical Power of Spectroscopes. 


As the power of a telescope is measured by the closeness 
of the double stars which it can resolve, so the power of a 
spectroscope ought to be measured by the closeness of the 
closest double lines in the spectrum which it is competent to 
resolve. In this sense it is possible for one instrument to be 
more powerful than a second in one part of the spectrum, 
while in another part of the spectrum the second instrument 
is more powerful than the first. The most striking cases of 
this inversion occur when one instrument isa diffraction-spec- 
troscope and the other a dispersion-spectroscope. If the in- 
struments are of equal power in the yellow region of the 
spectrum, the former will be the more powerful in the red, and 
the latter will be the more powerful in the green. In the 
present section I suppose the material and the workmanship 
to be perfect, and omit from consideration the effects of un- 
symmetrical absorption. Loss of light by reflection. or by 
uniform absorption has no effect on resolving-power. After- 
wards I propose to examine the effect of some of the errors 
most likely to occur in practice. 

So far as relates to the diffraction-spectroscope, the problem 
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of the present section was’ solved in the Philosophical Maga- 
vine for March 1874. I there showed that if n denote the 
number of lines on a grating and m the order of the spectrum 
observed, a double line of wave-lengths % and A+ 6x will be 
just resolved (according to the standard of resolution defined 
in the previous section), provided 7 

Ov. 1 | 

oe Font mn ° ° > ° e ° (1) 
which shows that the resolving-power varies directly as mand 
n. When the ruling is very close, m is always small (not 
exceeding 3 or 4); and even when a considerable number of 
spectra are formed, the use of an order higher than the third 
or fourth is often inconvenient in consequence of the over- 
lapping. But if the difficulty of ruling a erating may be 
measured by the total number of lines (m), it would seem 
that the intervals ought not to.be so small as to preclude the 
convenient use of at least the third and fourth spectra. 

In the case of the soda- double line the difference of wave- 
lengths is a very little more than yggp 3 so that, according to 
(1), about 1000 lines are necessary for resolution in the first 
spectrum. By experiment I found 1130. 

“ Since a grating resolves in proportion to the total number 
of its grooves, it might be supposed that the defining-power 
depends on different principles in the case of gratings and 


prisms; but the distinction is not fundamental. The limit to. 


definition arises in both cases from the impossibility of repre- 
senting a line of light otherwise than by a band of finite though 
narrow width, the width in both cases depending on the hori- 
zontal aperture (for a given 2). If a grating and a prism 


have the same horizontal aperture and dispersion, they will 


have equal resolving-powers on the spectrum.” 7 

At the time the above paragraph was written, I was under 
the impression that the dispersion in a prismatic instrument 
depended on so many variable elements that no simple theory 
of its resolving-power was to be expected. Last autumn, 
while engaged upon some experiments with prisms, I was 
much struck with the inferiority of their spectra in comparison 
with those which I was in the habit of obtaining from gratings, 
and was led to calculate the resolving-power. I then found that 
the theory of the resolving-power of prisms is almost as simple 
as that of gratings. 


# In my former paper this number is given as 1200. On reference to 
my notebook, I find that I then took the full width of the grating as an 
English inch. The 3000 lines cover a Paris inch, whence the above cor- 


rection. From the nature of the case, however, the experiment does not 


admit of much accuracy. 


from the wave-surface Ay By to A is chan 
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Tet Ay By (fig. 5) be a plane wave-surtace of the light before 
it falls upon the prisms, A B the corresponding wave-surtace 


Fig. 5, 
Ao 


= 


‘By 


for a particular part of the spectrum after the light has passed 


the prism or after it has passed the eyepiece of the observing- 


telescope. The path of a ray from the wayve-surface Ay By to 
A or B is determined by the condition that the optical distance, 
represented by Vu ds, is a minimum ; andas A B is by suppo- 
sition a wave-surface, this optical distance is the same for both 


points. Thus 
: Vu ds (for A) 90 dis (or, bie ates 


We have now to consider the behaviour of light belonging 
to a neighbouring part of the spectrum. The path of a ray 
ged ; but in virtue 
of the minimum property the change may be neglected in cal- 
culating the optical distance, as it influences the result by 
uantities of the second order only in the change of refrangi- 
bility. Accordingly the optical distance from Ay By to A is 
represented by \(u+8n)ds, the integration being along the 
path Ay...A; and, similarly, the optical distance between A)By 
and B is represented by {ut du)ds, where the integration 1s 
along the path By... B. In virtue of (2) the difference of the 
optical distances 1s fae 


\ ou ds (along Bo... B)— {du ds (along Ay: Ae 3) 


The new wave-surface is formed in such a position that the 
optical ; distance is constant, and therefore the dispersion, or 
the angle through which the wave-surface is turned by the 
change in refrangibility, is found simply by dividing (8) by 
the distance AB. If, as in common flint-glass spectroscopes, 
there is only one dispersing substance, \ du ds=ouw.s, where s 
is simply the thickness traversed by the ray. If we call the 
width of the emergent beam a, the dispersion is represented 


b is SY ied | ° e 
iO) 8 and s, being the thicknesses traversed by the 


extreme rays. Ina properly constructed instrument s; is 
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negligible, and s, is the aggregate thickness of the prisms. at 
their thick ends, which we will call ¢; so that the dispersion 
(@) is given by 
ae 
a 


By § 2 the condition of resolution of a double line whose com- 
ponents subtend an angle @ is that 06 must exceed Xa. Hence 
from (4), in order that a double line may be resolyed whose 
components have indices w and w+6y, it is necessary that ¢ 
should exceed the value given by the following equation, 


which expresses that the relative retardation of the extreme 
rays due to the change of refrangibility is the same (A) as 
that incurred without a change of refrangibility when we pass 
from the principal direction to that corresponding to the first 
minimum of illumination. 

That the resolving-power of a prismatic spectroscope of 
given dispersive material is proportional to the total thickness 
used, without regard to the number, angles, or setting of the 
prisms, is a most important, perhaps the most important, pro- 
position in connexion with this subject. Hitherto in descrip- 
tions of spectroscopes far too much stress has been laid upon 
the amount of dispersion produced by the prisms ; but this 
element by itself tells nothing as to the power of an instru- 
ment. It is well known that by a sufficiently close approach 
to a grazing emergence the dispersion of a prism of given 
thickness may be increased without limit ; but there is no cor- 
responding gain in resolving-power. So far as resolving- 
power is concerned, it is a matter of indifference whether 
dispersion be effected by the prisms or by the telescope. Two 
things only are necessary :—first, to use a thickness exceeding 
that prescribed by (5); secondly, to narrow the beam until it 
can be received by the pupil of the eye, or rather, since with 
full aperture the eye is not a perfect instrument, until its width 
is not more than one-third or one-fourth of the diameter of 
the pupil. 

The value of expression (3) on which resolving-power de- 
pends is readily calculable in all cases of practical interest. 
For a compound prism of flint and crown, 6u.¢ is replaced by 


Op tO pet i oe ee 


=n 
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‘where ¢ and ¢/ denote the respective thicknesses traversed, and 


Su, du’ the corresponding variations of refractive index. 
The relation between du and 8\ may generally be obtained 
with sufficient approximation from Cauchy’s formula 
ee a A ++ Ba72, ° ° ° 6 ° ° (7) 
Si =—2BATION. | bo ce 6:8) 


The value of B varies of course according to the material. of 


the prisms. As an example I will take Chance’s “extra-dense 


flint.’ The indices for C and the more refrangible D are* 


p= 1°650388, jig = 1° 44866; 
_ that 
a pe —003898 7 rae 1G) 
Also ; 
vp SOR Sag Vana eye Ore 


the unit of length being the centimetre ; whence by (7), 


B= 1984 ohOr?.Cii) bos (1) e€0) 
Thus by (5) and (8), ie Nea 
"= OBEN L968 ON" ae a 
For the soda-line, : 3 
A= 51889 x1 07 320A ==:006;% 105 * 
and thug the thickness necessary to resolve this line is given by 
t=1°02 centimetres. =... ana) 41.912) 


The number of times the power of a spectroscope exceeds that 
necessary to resolve the soda-lines might conveniently be taken 
as its practical measure. We learn from (12) that, according 
to this definition, the power of an instrument with simple 
prisms of “ extra-dense glass’ is expressed approximately by 
the number of centimetres of available thickness. 

In order to confirm this theory, I have made some observa- 
tions on the thickness necessary to resolve the soda-lines. 
The prism was of extra-dense glass of refractive index very 
nearly agreeing with that above specified, and had a refracting 
angle of 60°. Along one face sliding screens of cardboard 
were adapted, by which the horizontal aperture could be ad- 
justed until, in the judgment of the observer, the line was 


* Hopkinson, Proc, Roy. Soc, June 1877. 
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barely resolved. A soda-flame was generally used, though 
similar observations have been made upon the D line of the 
solar spectrum. When the adjustment was complete, the aper- 
ture along the face of the prism was measured, and gave at 
once the equivalent thickness, 7. e. the difference of thicknesses 
traversed by the extreme rays, since the prism was in the posi- 
tion of minimum deviation. Care, of course, was taken that 
no ordinary optical imperfections of the apparatus interfered 
with the experiment. | 

One observer, familiar with astronomical work, fixed the 
point of resolution when the thickness amounted to from 1:00 
to 1:20 centimetre. I was myself less easily satisfied, requi- 
ring from 1:35 to 1:40 centimetre. But even with a less 
thickness than 1 centimetre, it was evident that the object 
under examination was not a single line. With the same 
prism I found the thickness necessary to resolve 6; 6, in the 
solar spectrum to be about 2°5 centimetres. According to (11), 
the thickness required for 636, should be 2°2 times that 
required for D,D,. Probably something depends upon the 
relative intensities of the component lines. 

From (1) and (11) we see that if a diffraction and a dis- 
persion instrument have equal resolving-powers, 


mnvr?. 


oe 


so that the power of a dispersion instrument relatively to that 


of a diffraction instrument varies inversely as the third power 
of the wave-length. ; : 

For the kind of glass considered in (10), and for the region 
of the D lines, if 7 


Mn 


t=1°:087 NNN eS (14) 
To find what thickness is necessary to rival the fourth spec- 
trum of a grating of 3000 lines, we have merely to put m=4, 
n= 8000; so that the necessary thickness is about 123 centi- 
metres—a result which abundantly explains the observations 
which led me to calculate the power of prisms. 
Terling Place, ; 
August 12, 1879. 
[To be continued. | 
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 (aase (A) =0:102 ohm at 18°9 @, | 

= =('964 ,, atthe temperature of the standard 
where the light was produced, or increase =o 9°45. 

I regret that L have not been able to calculate from the 
above results the temperature of the heated platinum, since I 
could not procure in time a copy of Dr. William Siemens’s 
Bakerian Lecture (1871), which at present, to my knowledge, 
+g the only source whence the increase of resistance of platinum 
at high temperatures can be found. ORRY 

To sum up, the advantages of the new standard of light are:— 
The light is perfectly constant if the current be kept constant ; 
it allows a correction to be made for the variation of the current 
if this variation is known; it can be reproduced accurately 
every where if ordinary precautions be taken to secure pure 
platinum *; its magnitude can be altered to any extent to suit 
certain. practical purposes by simply varying the elements of 
weight, shape, and size of the platinum, or the strength of the 
current passing through it ; it does not alter of itself either in 
intensity, size, or position, and therefore by 1t most accurate 
photometric measurements can be executed ; the standard can 
be easily made to fit into any adopted system of absolute units. 
Hence the new standard fulfils all the recognized conditions 
of a perfect and rational standard ; and therefore it would be 
advisable to adopt it in future as the practical standard for 
light-measurement. There would be no practical difficulties 
met with in the introduction: of the new standard for technical 
purposes. 


XLVI. Investigations in Optics, with special reference to the 
Spectroscope. By Lorp Rayneien, £48, 


[Continued from p. 274.] _ 
§ 4. Influence of Aberration. 


13 the investigations of § 2 the wave-surface was considered 

to be plane, or (after passing through a condensing lens) 
spherical. Ag all optical instruments are liable to aberration, it is 
important to inquire what effects are produced thereby upon the 


* The conductivity of any metal is much lowered by slight impurities ; 
and platinum does not form an exception; hence great care must be exer- 
cised in the selection of platinum for the light-standard. Dr. William 
Siemens, in his Bakerian Lecture says:—‘ The abnormal resistance of 
some platinum is due chiefly to the admixture of iridium or other metals 
of the same group; and it appears that platinum prepared by the old 
welding process is purer, and therefore better suited for electrical purposes, 
than the metal consolidated by fusion in a Deville furnace.” 
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intensity-curves, and especially to ascertain at what point a 
sensible deterioration of definition ensues. The only work 
bearing upon the present subject with which I am acquainted 
is Sir G. Airy’s investigation “of the intensity of light in the 
neighbourhood of a caustic’’* ; but the problem considered by 
him relates to an unlimited beam. 

Considering in the first place the case of a beam of recian- 
gular section, let us suppose that the aberration, or error of 
phase, is the same in all vertical lines, so that the actual wave- 
surface is cylindrical. With origin at the centre and axis of 
« horizontal, the aberration may be expressed in the form 


COE LAR NI LOIS Be ANE: C9) 


No terms appear in w or 2”: the first would be equivalent to a 
general turning of the beam ; and the second would imply im- 
perfect focusing of the central parts. In many cases the cir- 
cumstances are symmetrical with respect to the centre; and 
then the first term which occurs is that containing 2*. But 
in general, since the whole error of linear retardation which 
we shall contemplate is exceedingly small in comparison with 
other linear magnitudes concerned in the problem, the term 
in #**is by far the more important, and those that follow may 
be neglected. 

As in the case of no aberration (treated in § 2), the distribu- 
tion of brightness in the image of a point is similar along every 
vertical line in the focal plane ; and therefore the image of a 
vertical line follows the same law of brightness as applies in 
the case of a point to positions situated along the axis of &. 
The phase of the resultant at any point € is by symmetry the 
same as that of the secondary wave issuing from the centre 
(~=0); and thus the amplitude of the resultant is proportional to 


cos 2a (28 + ca?) d Q 
008 2ar(+ GEA | OM eae Rs emer (2) 


In Sir G. Airy’s problem the upper limit of the integral (2) 
is infinite. Hortunately for my purpose the method of calcu- 
lation employed by him is that of quadratures, and the inter- 
mediate results are recorded (p. 402) in sufficient detail. In 
order to bring (2) into conformity with Airy’s notation, we 
must take 


3 anjied <3 2a v& 


7 
27cx =47H", Slaialy woe : 


2 
we thus obtain 


(Ac)-s 
0 
* Cambridge Phil. Trans, vol. vi. 1838. 


£4, NSC ae ens ice 
cos 3 7(w*—mw)do, . 
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sn which the upper limit of the integral is the cube root of the 
extreme aberration expressed in quarter-periods. For example, 
the upper limit is unity when the phase at one extremity is a 
guarter-period in advance, and that at the other extremity a 
narter-period in the rear, of the phase at the centre. 

The influence of aberration may be considered in two ways. 
We may suppose the aperture (a) constant, and inquire into 
the effect of an increasing aberration (c); or we may take a 

iven value of c (%. e. a given wave-surface), and examine the 
effect of a varying aperture. To the latter comparison Airy’s 
results are more immediately applicable. The following Table, 
easily derived from that given by him, exhibits the values of 

cos +71(@>—mw)dw, between the limits specified in the head- 
ings of columns 2, 3, 4, d. The results are applicable at once 
to the comparison of the amplitude-curves corresponding to 
yarious apertures, since the relation of m to & in (3) is inde- 

endent of a. ‘To obtain intensities, it would be necessary to 
square the numbers given in the Table. 


From 0 to | From 0 to| From 0 to | From 0 to 
Value of 7. 


1:00. 


———— - 


+0929 
‘0783 
+ 0343 


1°26. 


i | ee ee 


— ‘0692 
— ‘0467 
+°0142 


1°44. 


+0588 
+:0197 
— ‘0309 


©, 


+0030 
0062 
‘0124 


—-0203 0849 | ~-0461 0239 
0563 1320 | +-0018 04.44 
—-0430 ‘1399 1009 0791 
+0411 ‘1263 2095 1346 
‘1997 1377 2906 ‘9184 
-4140 2266 3462 3362 
6449 ‘4185 | “4211 4886 
8492 6873 5672 6653 
‘9570 9588 7898 8404 
9559 | 1:1120 | 1-0157 ‘9701 
‘8307 | 10748 | 11141 ‘9979 
6024 ‘8170 9681 8705 
3161 | +°3952 | +-5569 ‘5649 
+0303 | —0679 | —-0060 | +:1172 
—1988 |  -4290 ‘5110 | —-3624 
3309 5826 7545 ‘7087 
3521 5028 6485 7652 
+40 | —-2761 | —-2525 | —-2795 | —-4745 


The second column relates to the case where the aperture is 
such that the aberration between the extremities and the centre 
Is one quarter of a period, or (which is the same thing) where 
the wave-surface at the extremities deviates by a quarter wave- 


_ length from the tangent plane at the central line of inflection. It 


will be seen that the position of maximum illumination deviates 
sensibly from the centre (m=0, £=0). This is no more than 
might have been expected, since the plane which most nearly 
coincides with the actual wave-surface is inclined to the cen- 


Phil. Mag. 8. 5. Vol. 8. No. 50. Nov. 1879. 2B 




















406 Lord Rayleigh’s Investigations in Optics. 


tral tangent plane. The third column relates to an aperture 
about a fourth part larger, for which the extreme aberration 
is (1:26)? quarter-periods or nearly half a period, and the 
fourth column relates to an aperture such that extreme aber- 
ration amounts to about three quarters of a period. 


From columns 2 and 3 we see that an increase of aperture . 


up to that corresponding to an extreme aberration of half a 
period has no ill effect upon the central band, but it increases 
unduly the intensity of the first lateral band at m= +9°2. 


Indeed the principal objection to much greater apertures is - 


this augmented importance of the lateral band. The practical 
conclusion is that the best results will be obtained with an 
aperture giving an extreme aberration of from a quarter to 
half a period, and that with an increased aperture aberration 
is not so mucha direct cause of deterioration as an obstacle to 
the attainment of that improved definition which should accom- 
pany the increase of aperture. 

We will now suppose the aperture given, and examine the 
effect of increasing aberration. In applying the tabular results 
we must have regard to the factor (4c)~3, which occurs in (4), 
and we must take account of the variation of the relative scale 


of m and £ in passing from one curve to another (£ acm «/4c). 
The results for three cases are expressed graphically by the 
curves in fig. 6. The first, which rises highest, represents 


Fig. 6. 


the intensity at the various points of the focal plane when 


there is no aberration—the same as in fig. 1. The second and . 


third curves represent the intensities when the extreme aber- 
rations are a quarter period and half a period respectively. 
The total areas of these curves are the same, since the whole 
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uantity of light in the beam is independent of the aberration; 
and this area is equal to that of a rectangle whose height is 
the maximum ordinate OA of the first curve, and width the 
distance O B between O and the first position of zero intensity. 
It appears that aberration begins to be distinctly mischievous 
when it amounts to about a quarter-period, 7. e. when the 
wave-surface deviates at each end by a quarter wave-length 
from the true plane. The most marked effect is the increased 


jmportance of the lateral band on one side, and the approxi- 


- 


mate obliteration of the lateral band on the other side. 

When the aberration is symmetrical about the centre of 
the beam, the term in «* vanishes, and the whole effect is of 
higher order. In general the term in «* will preponderate ; 
and thus the problem for a symmetrical beam resolves itself 
into the investigation of aberration varying as 2*. In one 
respect the problem is simpler than the preceding, on account 
of the symmetry of the intensity-curves ; but in another it is 
more complicated, since the phase of the resultant does not 
correspond with that of the central element. The intensity is 
represented by | 3 } 


+3 2 
a pee S +fe') de] 


ate [fs aE. (= + fat) an), ee gs or) 


and requires for its calculation two integrations. These could 
be effected by quadratures; but the results would perhaps. 
scarcely repay the labour, especially as the practical question 
differs somewhat from that here proposed.. The intensity- 
curve derived from (5) represents the actual state of things on 
the supposition that the focusing adopted is that proper to a 
very small aperture; whereas in practice the aberration would 
be in some degree compensated for. by a change of focus, as 
it is obvious that the real wave-surface, being curved only in 


one direction, could be more accurately identified with a sphere 
ethan with a plane. | | 7 . 


_ Some idea of the effect of aberration may be obtained from 
a calculation of the intensity at the central point (€=0), 
where it reaches a maximum ; and this can be effected with- 


out quadratures by the aid of a series. In this case we have 
instead of (5), | : 


4 [ (“cos (2mfa*)de| in 4 a) 


i 
2 


a 2 7 
sin (Qmfa* da eG) 
0 

Now by integration by parts it can be proved that 


x 5 7\9 29 -7\3 218 
iRt I pier J Ay, (4th) a (Ath) a 7] 
{ U =e {2 fih = + em 0 79 Bt fs 
Ohi | 
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whence by separation of real and imaginary parts, and putting 
x equal to unity, 

(4h)* 


1 : \2 
eur ead: f os (4h) ia 
\c0s (iat) ado cos 4 ic 59 + Bt9 13017 Nias 


4h (Ah) (4h) 
ene fie ie Serer tet 
(4h)? (4h)* 
Suda 30e 13 ees 
4h (4h)! (4h)? 
LS be omy tyr 


Calculating from these series I find 


: 1°36704 Ate 21352 
eps rays amelie TNE 
(cos (dore*) dx rg {sn trx*)da im 


1 2 i 2 
[{ COs (drat )de | + i) sin (Fre!)de | =a 0. 
; : 


e/ 0 


v) 
{ sin (ha*)dw=sin h ft —~ |. 
0 


ak 


Again, | | 

l 1 
i) cos (4.7a*)da='87704, { sin (4 7a*)da='26812, 
0 0 


1 2 1. 2 
i) 008 (drat )de | b A) cin (}ra*)de | =°84109. 
0 uN) 
Again, 


l 
(00s (wa*)da='64357, { sin (7a*)dx='33363, 
0. 


| Fue (mat )de | =F i) ‘sin (ma) dar on 52549. 
Jo oi : 


Thus an extreme aberration of one eighth of a period reduces 
the intensity at the central point from unity, corresponding to 
no aberration, to ‘9576. With an aberration of one quarter of 
a period the intensity is ‘84109 ; and with an aberration of half 
a period the intensity is reduced to °52549. We must remem- 
ber, however, that. these numbers will be sensibly raised if a 
readjustment of focus be admitted. 

In most optical instruments other than spectroscopes the 
section of the beam is circular, and there is symmetry about 
an axis. The calculation of the intensity-curves as affected 
by aberration could be performed by quadratures from tables 
of Bessel’s functions; but, as in the case last considered, the 


results are liable to a modification in practice from readjust- _ 


ment of focus. For the central point we may obtain what we 
require from a series. 


: | 
bo 


- 
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The intensity may be represented by 
See 
[2 { co (hr*)rdr |? + 2 sin (hr*)rdr]?, 
0 0 . 
the scale being such that the intensity is unity in the case of 
no aberration (k=0). As before, we find 


ek Ath (Ach)? © ah) 
2 2 maT {2 6 B16 Orla He 
whence 


7 aE = (4h); (4h)* 
2 cos(/i )r dr=cosh {1 6.10' 6210.14. ig 





eal ot MADE i 
ae: 5102+} - (0) 


i, 4 <yee 5 (44) (Any): a 
2 | sin (lo )rdr=sint {1 610° 610 14-18 iris ce 


# Ah (Ah)? 
cosh {5 Egg tf AA GO): - 


Thus, when h=;7, 
1 1: 1 : 
a cos (amr) rdr= ae 2) sin (Lar*) rdr= — fi 
1 ] ; 
a} cos(ha) v dr]? + 2) sin (Lar*) r dr]?=:9464. 
0 0 
Again, when h=47, : : | 
) 1 | 
24 cos (377) 7 dr= "77989, 2 sin (Lar*) 7 dr= 43828, 
0 6 | : 
l 1 
ef cos (p71 )r dr |" +[2 ( sin (4arr*) v dr ?=-8003. 
0 x 0 


Again, when h=7, 


1 1 
24 cos (11) r dr='3740, 2( sin (77) 7 dr= 5048, 
0 | 0 


SS Tay ae 
(2 cos(m7*) » dr |? + 2 sin (arr*) r dr |? = "3947, 
0 


0 
Hence in this case, as in the preceding, we may consider that 
aberration begins to be decidedly prejudicial when the wave- 
surface deviates from its proper place by about a quarter of a 
wave-length. 

As an application of this result, let us investigate what 
amount of temperature-disturbance in the tube of a telescope 
may be expected to impair definition. According to the ex- 
periments of Biot and Arago, the refractive index pm for air at 
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XLVIT. On the Conjugate Positions of two Circular Coils 
of Wire. By W. Grant, Assistant in the Physical Labo- 
ratory, University College, London*. 

[Plate XII. ] 

HILE recently engaged on some experiments on in- 
duction, I observed certain circumstances which I 

had not before noticed, and which seemed deserving of further 
attention. I was therefore led to inquire a little more closely 
into these matters; and although the investigation is by no 
means full or complete, I have obtained one or two results 
which I thought I might venture to lay before the Physical 
Society. The apparatus used in these experiments consisted, 
as at first arranged, of two coils of copper wire, one of which 
was connected in circuit with a battery of three Leclanché 
cells, and with a microphone which was actuated by a watch, 
while the other was connected with a telephone, in order that 
the induced currents, while passing through it, might render 
audible the beating of the watch which was used as the source 
of sound. 

A modification of this arrangement was afterwards tried, 
a Grove’s battery of twelve cells being substituted for the 
Leclanché battery, and a key being used for making and 
breaking the circuit. This was done in order to obtain 
greater inductive effects between the coils than could be ob- 
tained from the variations in the strength of the current which 
were caused by the action of the microphone. It was found, 
however, that with a little care in the adjustment of the coils, 
one cell gave sensibly as great an effect in the telephone as 
twelve cells; in subsequent experiments, therefore, the Grove’s 
battery was discarded, and that of Leclanché again re- 
sorted to. 

Now if two similar coils, connected as above described, 
are arranged with their planes parallel and their axes coin- 
cident, it is found that they may be separated to a considerable 
distance before the sounds which are heard in the telephone on 
making and breaking the circuit are obliterated. But it is 
also found that if the planes of the coils are kept parallel, the 
one in connexion with the telephone (that is, the secondary 
coil) may be placed in certain positions in the neighbourhood 
of the primary coil, and even in contact with it, without 
sounds being heard in the telephone. This happens when 
the mutual inductive effect between the two coils becomes 
zero; and when they are so placed as to fulfil this condition, 


_ tehy are said to occupy conjugate positions relatively to each 
other. 


9, 


err 


* Communicated by the Physical Society, having been read June 28th, - : 


pave 


_ Investigations in Optics, with special reference to the 
oe Spectroscope. By Lorp Rayueten, /.A.S. 


[Continued from p..411. ] 


§ 5. On the Accuracy required in Optical Surfaces. 
Poss in the memoir already referred to, was, I be- 


lieve, the first to.show that the errors of optical surfaces 
should not exceed a moderate fraction of the wave-length of 
if ht. Inthe case of perpendicular reflection from mirrors, the 
eis of § 4 lead to the conclusion that no considerable area of 
fhe surface should deviate from truth by more than one eighth 
of the wave-length. Tor a glass surface refracting at nearly 
erpendicular incidence the admissible error is. about. four 
ees as great. It will be understood, of course, that the 
ors of one surface in an optical train may compensate for 
those of another, all that is necessary being that the resultant, 
error of retardation rise nowhere to importance. i 
In the case of oblique reflection at an angle ¢, the error of 
retardation due to an elevation B D (fig. 7) is 


QQ/—QS=BD sec ¢ (1 — cos SQQ’) 
= BD sec¢ (1+ cos 26)=2 BD cos 4, 
Fig. 7. 


from which it follows that an error of given magnitude in the 
figure of a surface is less important in oblique than in perpen- 
dicular reflection. At first sight this result appears to be con- 
tradicted by experience ; for it is well known to practical opti- 
cians that it is more difficult to secure a satisfactory perform- 


ance when reflection is oblique. The discrepancy is explained 


in great measure when we take into account the kind of error 
to which surfaces are most liable. No important deviation 
from a symmetrical form is to be feared; but a surface intended 
to be plane may easily assume a slight general convexity or 
concavity. Now in direct reflection, a small curvature is 


_ readily and almost completely compensated by a small motion 


of the eyepiece giving a change of focus; but the compensa- 
tion obtainable in this way is much less perfect when the 
reflection is oblique. In the first case the family of surfaces 
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approximating to a plane, which will answer the purpose, coin- 
cides with the family of surfaces most likely to be produced ; 
in the second case the family of ellipsoidal or hyperbolic sur- 
faces capable (with suitable focus) of giving good definition 
contains only one symmetrical member—the perfect plane. In 
order to test experimentally the correetness of the theoretical 
result, it would be necessary to retain the focus suitable to the 
true surface, and not to allow a readjustment by which its 
errors may be in greater or legs degree compensated. 

A further difficulty, not touched by the preceding conside- 
rations, still remains to be mentioned. In the ordinary method 
of testing plane surfaces by measuring the change of focus 
required when a distant point is viewed through a telescope, 
first ditectly, atid then after reflection in the surface, the test 
is fotind to be moré delicate as the reflection is more oblique. 
The explanation of thé apparént inconsistency will be best un= 
derstood by a calculation of the focal length of mirrors, founded 
directly upon the principles of the wave theory. Let ACB 


(fig. 8) be an are of a (paiabolic) mirror, which reflects pa= 


rallel rays GA, HD, KB 

to a focus Fk AD=y, 

D F=f, C D=é. . In calcu- 

lating the retardations of the 

various rays, we will take as 

standard the phase at F of a 

ray coliicident with HD, 

reflected at D (as by a plane 

mirror A D B) instead of at 

C, so that the actual retardation at I* of the central ray H CF 
is 2¢. The retardation of the extreme ray GA Fis AF—FD, 
or J (f?+y)=f Since F is by supposition an optical foctts, 
the phases of all the rays must be the same, and thus 


hf ty) HFRe cesletiay ln) 
If the aperture (2) be small in proportion to the focal length, 


| 2 
JV Ci 24 y?)=fst 7 approximately, 


so that 
y? ee 
f= At 6 @ o ° ° . . 3 (2) 


Ii the limit it is a niatter of indifference whether f be mea- 
sured from D or from. If, be the radius of curvature at C, 


| foo 
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and 

: JW, ein idsu: ehimeune O) 

the usual formula. ; , A 

When the incidence is oblique, there are different foci in the 

rimary and the secondary planes. Considering first the case 

of the primary plane, let ACB Fig. 9. 

(fig. 9) be the mirror, and I’ the 

focus. AD=y, CD=t, HOD=¢. 

A L is the course which the ray 

cA would take if reflected by 

ine clene surface ATDEB2. Cs 78 

that poms of the mirror at which 

the tangent is parallel to AB. 

The retardation at I’ of the ray 

GAFisA F—AL; and the re- 

tardation of the ray H C F due to the curvature of the mirror 

is 2tcos. These retardations must be equal; and thus 


AF~AL= V(AL? + FL’?)—AL=22 cos ¢. 

When the aperture is small, /(AL’?+ FL’?)—AL is approxi- 
2 : 

mately $ Ge ; ultimately AL may be identified with /,, the 


focal length in the primary plane, and FL may be identified 


with y cos ¢, so that 


/? Cos” 
J = 28d, » » Py ° ZH (4) 


_ y cosh , 
fiz tt 
Thus it appears that, so far as the primary focal length 1s 
concerned, the diminished retardation of the central ray due 
to obliquity is outweighed by the corresponding diminution of 
effective aperture (FL); but although in consequence of ob- 
liquity a greater change of focus (estimated from that required 
for the plane surface} is necessary in order to get the best 
result, still, if no change of focus be admitted, the error due to 
curvature is less sensible in oblique than in direct reflection. 
The preceding discussion assumes that the same extent of 
surface is used in all cases. In testing planes by reflection it 
often happens that a greater extent of surface is used in the 
ease of obliquity, the field being limited by the object-glass 
of the telescope rather than by the reflecting plane. Under 
such circumstances the loss of definition (with focus unaltered) 
due to curvature is aggravated by obliquity. 
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In the secondary focal plane there is no diminution of effec- 


tive aperture due to obliquity. Instead of (4) we have 
(6) 


» (7) 

In this case the favourable effect of obliquity shows itself 
directly in the increased value of /y. 

We will now consider the effect of errors in a refracting 


Fig. 10. 


surface. ‘The error of retardation due to an elevation BD is 


PQS —QQ’= QQ’ {pu cos (6—$’) —1} 


_ By M208 $008 d+ usin d sin d’—1 
oR cos b 


pcos cos ¢’ —(1— sin’ : 
= pp #8 2088 == S08) _ BING, cos g/— cong) 


since 
sin d’=sin d. 


As a function of obliquity cos ¢’—cos¢ is least (w—1) 
when the obliquity is zero; it is greatest / («’—1) when the 
obliquity is 90°. Thus the retardation for a given error of 
elevation increases somewhat with the obliquity, being in the 
case of glass about twice as great at a grazing as at a perpen- 
dicular incidence. at 

Before concluding this section, it may be worth while to 
point out how the principles of the wave theory may be ap- 
plied directly to calculate the focal length of lenses. The 
relative retardations of the rays DAF and EOF (fig. 11) 
are evidently A F—C F and (w—1)é, if ¢ denote the thickness 
of the lens at the centre. Thus, if AC=y, FC=/, 


WD V(t )—fare haairlesnrael(S)) 
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| Fig, 11; 


B 


‘mately. For glass ~—1=4 nearly; so that the old 
apf that 66 FA glass fens the half breadth is a mean propor- 
Penal between the thickness and the focal length,” is more 
scientific than the usual formula in terms of the radii of cur- 
vature. If the lens do not terminate ina sharp edge, we may 


take as the effective thickness the difference of the thicknesses 


at the centre and at the edge. 
For an oblique central pencil, the focal lengths in the two 


rincipal planes may be obtained as in the case of the mirror. 


They take the form 


y” cos” 


ae 24; COBH COND). we Ps (9) 


i =(u cos f’— cos $)é, - (10) 


in which, if we please, we may substitute for ¢ its value in 
terms of the radii of curvature, viz. 


ican 
(+5) 


§ 6. The Aberration of Oblique Pencils. 


In treatises on geometrical optics it is usual to calculate the 
aberrations of mirrors and lenses for direct pencils, but in the 
ease of oblique pencils to rest satisfied with determining the 
primary and secondary focal lengths. .For most purposes 


indeed astigmatism is a worse defect than aberration, so that 


in the presence of the former it is not worth while to consider 
the latter ; but in this respect the spectroscope is an exception, 
and the completion of its theory requires the consideration of 
the aberration of oblique pencils. | 

The reason of this peculiarity is not difficult to see. When 
a luminous point is observed through an optical instrument 


affected with astigmatism, there are three notable representa- 


* Coddington’s ‘Optics,’ p. 96. 
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tions of it to be obtained by varying the focus. At the pre 
mary and secondary foci the point is represented by perpen- 
dicular lines of small width, and at a particular intermediate 
position by a circle of light, called the circle of least confusion. 
In most cases the last representation would be the best; but 
if the object under examination be itself a uniformly lumi- 
nous line parallel to one or other of the focal lines, the best 
result will evidently be obtained at the corresponding focus, 
Under these circumstances the image is not prejudiced by the 
astigmatism, and its perfection depends upon the amount of 
aberration. In the case of a properly adjusted spectroscope 

_ the slit is parallel to the edges of the prisms, and the spectrum 
is seen with best definition at the primary focus. 

The aberration that we have now to consider is of higher 
order than that which affects symmetrical pencils, and there- 
fore, when it occurs, is presumably of greater importance. 
Before calculating its amount in particular cases, it will be 
convenient to consider the general character of the effects pro- 
duced by it. The axis of the pencil being taken as axis of z, 

let the equation of the wave-surtface, to which all rays are 
normal, be 

ae + aa + Bary + yey + dy? + @ 
=p * 2p Nye te OY eae 8 ess 2) 

The principal focal lengths are p and p’. In the case of sym- 
metry p and p’ are equal, and the coefficients of the terms of 
the third order vanish. The aberration then depends upon 
terms of the fourth order; and even these are made to vanish 
in the formule for the object-glasses of telescopes by the selec- 
tion of suitable curvatures. If this be effected, the outstand- 
ing aberration will be of the sixth order; whereas in the case 
of unsymmetrical pencils, even if we should succeed in de- 
stroying the terms of the third order, there will still remain an 
aberration of the fourth order. It follows that every effort 
should be made to retain symmetry about the axis; but in the 
case of the spectroscope this is usually impossible. If we 
could secure a perfect parallelism of the incident light, and 
perfectly flat faces for our prisms, we should indeed get rid of 
aberration, and at the same time render ourselves independent 
of the adjustments of the spectroscope; for it is evident that 
no repetition of refractions at. plane surfaces, however situated, 
could disturb the original parallelism of the light. ‘The fact 
that most large spectroscopes are more or less sensitive : to 
maladjustment of the prisms proves either that the faces are 
not flat, or that it is difficult to obtain a sufficiently accurate 
adjustment of the collimator. We shall suppose that the faces 


& 
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of the prisms are surfaces of revolution, so that it is possible 


proper adjustments to render every thing symmetrical with 

spect to a plane bisecting at right angles the refracting 
vd ee: If p be the primary focal length, this plane is that 
represented by y=0, and the equation of the wave-surface 


reduces to 


by 


gy? 
~IRQ5 u 2p" 
igher order being omitted. 

ae aa «and ¥ au (2) may be interpreted in terms 
of the differential coefiicients of the principal radii of curva- 
ture. By the usual formula, the radius of curvature at the 
oint « of the intersection of (2) with the plane y=0 is ap- 
proximately p(1—Gepz). Since y=0 is a principal plane 
throughout, this radius of curvature is a principal radius of 

the surface; so that, denoting it by p, we have 


a Pde. 2. 9 
C= 6p? dx ° e ° ° e ° e ( ) 
In the neighbourhood of the origin the approximate value of 
the product of the principal curvatures is 


gt REY EE Tie criss matsp) 


Thus 


whence by (3) , 
(4) 


The equation of the normal at the point a, y, z is 


Ae E—x ait eee (5) 
z > ple + Bea? + yy? py + 2yay’ 

and its intersection with the plane =p occurs at the point 

determined approximately by 


E= —p( dau’ + yy’), 
p'=p (6) 
ae Py —2pyey, 
terms of the third order being omitted. _ . 
According to geometrical optics, the thickness of the image 
of a luminous line at the primary focus is determined by the 
extreme value of &3 and for good definition in the spectroscope 
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it is necessary to reduce this thickness as much as possible. 
One way of attaining this result would be to narrow the aper- 
ture ; but, as we have seen in preceding sections, to narrow 
the horizontal aperture is really to throw away the peculiar 
advantage of large instruments. The same objection, how- 
ever, does not apply to narrowing the vertical aperture; and 
in many spectroscopes a great improvement in definition may 
be thus secured.. In general it is necessary that both y and a 
be small. Since the value of & is independent of p’, it would 
seem that in respect of definition there is no advantage in 
avoiding astigmatism. : 

We will now examine more closely the character of the 
image at the primary focus in the case of a pencil of circular 
section. Unless p’=p, the second term in the value of 7 may 
be neglected. The rays for which 2?+y?=,? intersect the 
plane €=p in the parabola 


(7) 


and the various parabolas corresponding to different values of 
r differ from one another only in being shifted along the axis 
of €. To find out how much of the parabolic ares are included, 
we observe that for any given value of r the value of 7 is 
greatést when z=0. Hence the rays starting in the secondary 
plane give the remainder of the boundary of the image. Its 
equation, formed from (6) after putting e=0, is 


ough Gio) : 
Cea 


and represents a parabola touching the axis of 7 at the origin. 


The whole of the image is included between this parabola and — 


the parabola of form (7) corresponding to the maximum value 
of r. | 

The width of the image when 7=0 is 3apr?, and vanishes 
when «=0, 7. e. when there is no aberration for rays in the 
primary plane. In this case the two parabolic boundaries co- 
incide, and the image is reduced to a linear arc. If further 
y=0, this arc becomes straight, and then the image of a lumi- 
nous line is perfect (to this order of approximation) at the 
primary focus. In general if y=0, the parabola (7) reduces 
to the straight line »=0; that is to say, the rays which start 
in the secondary plane remain in that plane. 

We will now consider the image formed at the secondary 
focus. Putting =p’ in (5), we obtain | 
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| sone 
| Pa 
PE Pipele sel QA GON La 
n= —2yp'ay.J 


—(), the secondary focal line is formed without aberration, 
od not otherwise. In general the curve traced out by the 
rays for which a’ +y’=r", is 


2 yas 


by: the form of a figure of eight symmetrical with respect to 
both the axes. The rays starting either in the primary or in 
the secondary plane pass through the axis of &, the thickness 
of the image being due to the rays for which a=y=r= / 2". 

This subject can be illustrated without difficulty by experi- 
ment. A radiant point is obtained by admitting sunlight into 
>, darkened room through a lens of short focus placed in the 
window-shutter, A real image of the radiant is received upon 
a piece of ground glass and examined from behind. To render 


the light approximately homogeneous, a piece of red glass is | 


loyed. The following results relate to an equiconvex 
Peas of 6 inches aperture and about 3 feet focus, on which the 


ight falls obliquely. 
a the ihn ig ano¥ed gradually back from the lens, the 


illuminated area diminishes. At a certain point it begins to ~ 


double back upon itself, until at the primary focus the whole 
area is double. The light is seen to be very unequally distri- 
buted. At the edges corresponding to the boundary of the 
lens the illumination is feeble, while at the folded edge, cor- 
responding to the central vertical line of the lens, a caustic is 
formed. On this account it would seem that curvature of the 
primary focal line is a worse fault than thickness for the pur- 
poses of the spectroscope. fit 

The accompanying figures show the general character of 
the image at the primary focus under various circumstances. 
The thick line represents the folded and highly illuminated 
edge, the thin line the double edge corresponding to the mar- 
gin of the lens. The quantities U, V1, V2 are the distances 


* T have lately found that the aberration of unsymmetrical pencils was 
very generally treated by Sir W. Hamilton in his work on Systems of 
Rays. Even if I could have supposed Hamilton’s results to be known to 
the reader, the investigation in the text would still be necessary, as my 
purpose is very different from his. In the general theory (with 8 and 6 


finite) there is no distinction between the primary and secondary images. 
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from the lens of the radiant point, the primary, and the 
secondary focus respectively, expressed in inches. 


Fig. 12. Fig. 13. 


u =180 
Y= 32 


In all these cases the line of intersection of the plane of the 
lens with the screen lies to the right of the diagram. It will 
be seen that the primary focal line is thin, though curved, 


when v;=u. This is true in general for an equiconvex lens, 


as may be shown from considerations of symmetry. 

Experimenting on a plano-convex lens held at an obliquity 
of about 30°, I found that the focal lines were far better 
formed when the convex side was turned towards parallel rays 
than when the flat side was so turned, The theory, which I 
subsequently investigated, is given in the following section. I 
think that spherical lenses inclined at the most suitable obli- 
quity might in many cases, perhaps in star-spectroscopes, 
replace cylindrical lenses. If it were necessary to cause no 
convergency at all in the secondary plane, a compensating 
concave lens, held perpendicularly, would be used. 


[To be continued. ] 


as to the Constitution of Chlorine. 39 


stance may perhaps be wrong by one in some of the simpler 
bodies, and by rather larger numbers in some of the more 
complex ; but the general character of the Tables is probably 
beyond the reach of any such changes. An error e. g. of 6 

er cent. in the specific heat at constant pressure of the tetra- 


‘chlorides would only reduce the number of their degrees of 


freedom by one. Much greater alterations would be intro- 
duced by taking the specific heats at other temperatures than 
those at which they were determined by Regnault. Chloro- 
form is the only compound of chlorine of which the law of -the 
yariation of the specific heat with the temperature was studied 
by Wiedemann ; and using his results, I find that at 0° C. the 
number of degrees of freedom of this substance would be one 
less instead of two greater than 15. 

In spite, however, of the uncertainty thus introduced, the 
comparison of the two Tables is sufficiently suggestive to in- 
duce me to lay them before.the Physical Society. The fact 
that the application of the theory of gases to the specific heats 
of a large number of substances, determined as far as might 
be under similar circumstances, leads to the alternatives that 
the atoms of which a molecule of free chlorine is composed are 
either less strongly united or are more numerous than in the 
case of other elements, is not unimportant. 

It remains to add that the ratios of the specific heats of bro- 
mine and of the only one of its compounds which has been 
studied agree with those of chlorine and the corresponding 


chlorine compound. 


TABLE ITI, 


JOU 


m-+-é. 


Uf 18 
18 30 


Note.—NSince the above was written, the conclusions at first 
drawn from Prof. V. Meyer’s research have been questioned 
(Chem. News, Nov. 21, 1879, p. 244) on the ground that experi- 
ments made by Seelheim, of Utrecht, indicate the possibility of 
the formation of a volatile chloride of platinumat high tempe- 
ratures. However this may be, the cause of the anomalous 
specitic heats of chlorine and its compounds remains to be ex- 
plamed; and the above statement of the alternative supposi- 
tions to which the theory discussed leads may not be uninter- 
esting, even if it should be proved that one of them lacks the 
support which, at the time of writing, Prof. V. Meyer’s research 
was supposed to afford it. 













































































[240° 3 
V. Investigations in Optics, with special reference to the Spec- 
troscope. By LorD Rayueicn, 2.8. 
[Continued from vol. viii. p. 486. ] 
§ 7. Aberration of Lenses and Prisms. 


fee following investigation refers to the aberration of 
rays in the primary plane. Let Q be a radiant point 
in air, from which rays fall Fig. 17. 


upon the spherical surface cs 


of glass A PB, of radius r. | 
We require an approximate [eae 


expression for the length of ! 


Ae? 
any ray @ P referred to that ee ere 
of a standard ray Q A. 1 Z Up errs Ss 


PON, OMHL a: 7 TE ee aaa 
QA=u. PA=2rsin(Za). y 
QAP=i7r+¢+t+ho. Q° 
QP? =u? +47? sin? Lo + 4rusin Losin (¢+4o), 
so that as far as the cube of a, 
7” cos’ h 


Aish Galle Se Us 2 
QP u=rsing.ot > (coso+ = )o 


_rsingd(1 , rcosd sae 
roe (G+ EP + 2 je + C1) 


Similarly if Q’ be any other point, and Q’A= uw, YVAH=¥q’, 
; SON ST 
Q/P—w’=rsin ¢!.0@+ : (cos b+ eee ) m2 
_ resin ¢! ee ee ot 


PN NEE w’ ul 


If QP, Q’P be incident and refracted rays corresponding to 


w=, the condition must be satisfied that 6(QP) =p 6(Q’P) 


as w passes from the value 6 to @+60. Thus | 
| Cae 
sin @ + (cos p+ ae 0 


: 7 ; roa pean) 
ke 3) ee 3? Mi We 


U 
2 4/ 
=psin + (cos e+ 7 © ) g 


in dh’ : / 2 2 bl 
— (1 4 a al on seh p ) 62. 


U 
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If QA, Q’A be also corresponding rays, sin @—p sin 6’=0, as 
appears by supposing @=0 in (3), which then becomes 


” COS” nt _ 8r6 sin £) 
(cong “SES )- Ta 
r cos? db’ 370 sin db! 
=p (cos p+ OP (1 se a), : (4) 


If we make 6=0 in (4), 
» COS” se OWT 
cos p+ “EL —p(cosg/t "EH, SG) 


the usual formula for the primary focus. For our present 
purpose 7 is small, but is not zero. 

We will now apply the fundamental formula (4) to the case 
of a lens whose thickness can be neglected in comparison with 
the radii of curvature and the distances of the foci. The pencil 
is supposed to fall centrically, so that the angle of incidence 
at the second surface is equal to the angle of refraction at the 
first surface. The distance corresponding to PA is the same 
for both surfaces, and will be denoted by y. Thus, for the first 
refraction, ! f 


“ db i cos” + & 3y sin #) 
P U 2u 
_, (cos P' , cos’ f! dy sin f! 
=1( mie ar) (1— ven), - (6) 
For the second refraction we have to interchange ¢ and ¢’, 
writing s for r, wu’ for uw, w-! for uw, and v for uw’. Thus 


cos 6’ cos? d/ ) — By sin f/ 
a( nn oan (1- a, 


= (9 " coe #)(1— Fun) LS @ 


S Vv 


and c’ for cos ¢’, we get 


G+ 2329)- C+ 0-2 
+B) Be) nL 2) 0- BF 


al — Seen e(e ), 


By addition of (6) and (7), and writing for brevity ¢ for cosh 


de re) 
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Caines 


Sete ade ieee, 


ene f Ie le fore GeeN le Ace. 6 
aot E See ne ag ee tee 
The quantity within brackets in (8) may be written 


Klee Bek | 
&(- -=)- “(-—2)+ (< o VE 4 1 oe) 
U \Pr 8 U\P s UV U U U CS 


2 2 
On substitution for - ~~ 7 of its approximate value from (8), 


1 
Lot becomes a factor of the whole expression, and we get 


Ihe ENS Ogee j jer ea: 
ior, aeerien odge) Caron te 


Again, from (5) with sufficient approximation for our pur- 
pose, 


CANael: ; c ; 1 
si ‘3 = — (pc —¢) 7 — (ue “¢) 


so that the bracket in (8) assumes the form 


DNC eevee ssl eal ak 
= kas _——_— —_ —_— —_— — — —_—_ 
Ee 0) e ) 1a CUNO CRE CONpue™ F (9) 
From (6) and (7), 


Hee 2 (: 4 
2 is —C pos — (mc —¢c) mith ° one oe 


Using this in (9), we get 


~ Soca! (p~5) {ene #(Z + 5) 07 t9(5 +3) 
a Ne ae c(2Quc’ +c) aha + (uc! +c) ao File 
so that 


CSO eye (1 yL 3y sin {al 
yy HO 5) [14 one’ +0)(= + 2) 


+ (uel +0)(- + *) ae = Cl) 
From this we see at once that in the case of an equiconyex 
or eaeigoncnye lens, for which 2 + : = 0, the aberration va- 
nishes if ai =0, 1. e. if the primary focus be at the same 


cence on one side of the lens as the radiant point is on the 
other. 
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For some purposes a more conyenient expression may be 


obtained by substituting for v its approximate value. Writing 


is 
yu! for = we get 


i ") [ bysind f (Qu’+1)c , w” 
Saaram caceamtsy Ta et MEAN 
Pea 2 [WC U s 


PAS oi 
a al ¢ (12) 


1 


es 
2 X= (we! —0)( 


If the incident rays be parallel, w=«, and the aberration 
vanishes when 


/2 sk Ve eos? op! (13) 
— pw—p?+1- — cos d! cos 6—p? cos? h’ + cos’ p 


If the second surface be plane (s=< ), this condition is 


iets lO) 


pw =4(14 /9)=1°62. 


For a refractive index »=1°5, the value of ¢ which makes 
y/=1°62 is about 29°. This is the obliquity at which a plano- 
convex lens of plate glass must be held in order to give a thin 
primary image. A more refractive lens must be held at a less 
obliquity. If the refractive index exceed 1°62, there is no 

osition of the lens for which the image is free from aberration. 

From the above formulz there is no difficulty in calculating 
the aberration due to any combination of lenses. As an ex- 
ample I will take the case of two lenses of equal focal length, 
inclined at equal angles but in opposite directions to the axis 
of the pencil. Denoting the radii of the second lens by 1” 
and s/, the final focal length v’ is to be found from (11) in 
combination with 


2p? 1a dy sin Legogl 
C f= (ue —)(= —=)|1— J BS cud +6)(- +9) 


or 


oe Auc'e 


+ (ud +e\(5 ap 7) i, 


i ages! 
*) [2 + oy zi { (2p + o)(% —=) 


4 ce v 


: a) aee (14) 


If the lenses be of the same curvatures and be similarly turned, 


By addition, 
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e=9, s’=s. The aberration then varies as a ker cannot 
vanish. ree 

If the lenses be of the same curva- Fig. 18, 
ture and be turned opposite ways 


(fig. 18),7’=—s,s/=—r, Theaber-- ___ Ran a 
ration is proportional to | | 
Lg IE feral 
/ me Na Gry Af ih eas) Vc 
o(2qe! +0)(7 57) +2(ue +0)(2 ++); 


or, on substitution of the approximate value of : — ty 


/2 Pa / 
ii paw Ea nae! ls 
r 8 


(15) 


where, as before, 
| ;__ COS $' 
Cos 


Thus the combination is aplanatic, independently of the value | 


of w, if 

8 7 ee eit J 

Sue ae Se PREH Or 8, ECG) 
By supposing the light to be parallel between the lenses, we 
obtain (18) as a particular case of (16). 


We will next investigate the aberration in the case of a 
prism with flat faces on which divergent or convergent light 
falls at the angle of minimum deviation. 

From (4), with notation similar to that employed above, 


2 /2 
“(1- oy sin) _ T(1- sen # (17) 


U Qu ee ul Qu 


Ce dy’ sing’\  ¢ dy’ sin d 
rill+ sera) = 5 (1+ 9), . cs) 


ay) 2(u! + 1) 


and : ) 3 
Me Sk i oe ecko) 


‘denoting the length of the path of the axis of the pencil 
within the prism. 


If y be neglected, 


(20) 


whence 


(21) 
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so that 


7 ree 


uitly _y 
(Veta, Say) 


Accordingly (18) becomes | 
| ce (14 dy sin f)—£ (14 dy sin ) 


a + Qu! Vv 2u 
From (17) and (23), by multiplication, 


eo cul (u’ +0) | 
Again, from (17), | 
: ED 9 <2 2 (2 ¢?) 
pou dy sinh (we 
u = ee 1 hy HE RGD DIS Te 


27 c'*u 


24 dysingd — 
= {14 wey ° ert: peur we (25) 


2/2 


2m e'u 
From (24) and (25), | | 
cl ue Oe cl ) : (26) 


OS as wc” wc! 2 ucu : 
In most cases +u is negligible in the small term, and the 
longitudinal aberration is simply 
o0= “ene Si Let hie (27) 
im 6 denotes the 
‘The linear width of the image is dv. @, where otes th 
Fe lax semi-aperture ; and the angular width of the image 1s 
py O, or, since” — eee 0, 
wu rk, 
Mera) sume | | oe ae 
urce” | 
; ° e e 7 7a t to 
Sh ly this result to the spectroscope, 1t is convenient 
Ppare (28) with the angular deviation due to an alteration 


of refractive index from pw to w+ou. This is equal to 


25usin dd’ — 2du sin p Rain (29) 
cosh = gw cosh 
If (28) and (29) be equal, | 
So ee A 
P= 9 cosh! 
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which determines the degree of confusion of refrangibilities 
produced by the aberration. 

For a glass prism, »—y-* differs very little from unity. If 
the refracting angle be 60°, cos? ¢’=?, and thus 


OL DOR oe eS oi COND) 


By (8), (10), § 4, the value of dw for the soda-lines in the case 
of a prism of “ extra-dense glass” is 5°8x 10-5. Hence, if 
the image of one soda-line just touch the image of the other, 
6=-0054, or the distance u must be about 100 times the width 
of the beam where it falls upon the prism. With small instru- 
ments, whose whole resolving-power is only a small multiple 
of that necessary to resolve the soda-lines, it is possible to 
work without a collimator by allowing a distance of 10 or 20 
feet between the slit and the prisms ; but in the case of power- 
ful instruments a pretty accurate adjustment of the collimator 
is indispensable. 

The next thing to consider is the effect of curvature in the 
faces of prisms. We shall neglect /, the length of path within 
the prism, as small in comparison with the other distances 
concerned; its influence is doubtless no more important than 
when the faces are flat. From (4), 
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giving by subtraction 
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The condition that there shall be no aberration requires that 
the quantity within brackets vanish. In order to discuss it 
further it will be convenient to express u and v in terms of w’. 
By the original equations, y being neglected, 

/2 ek PA: [is 
Beg OO eet Mle Td (85) 


u cu cr u! yp ©? 


12 (Ane : J / 
eae =n eh etEB) 
on cs U 
Br «srition as before tor 2 
yw’ being written as before for a 


By substitution of these values in (4) the condition becomes 


fice ol ca 
teats 
/ / / 
++ D{wangrt}ao . an 


This condition assumes a simplified form when r=s, i. e. when 
one face is as much convex as the other face is concave ; it is 
satisfied either by 


er Pee ee i: ka GO) 


, 
In the first case, by (85) u=—cr 3; so that if the first face be 
convex the incident rays must be convergent. In the second 
case 
u=—c(u'+1)r=—(u cos d’+ cos d)r. 


With general values of r and s, (87) may be written 


oe Isa sli oa igre 
which determines the values of w’ (if any) for which the aber- 
ration vanishes. The roots of (40) are real; and therefore 


aplanaticism is possible if 
/ 2 1 
PCE ay? + Au —1)(5 + 3) © aC 
rs oases 
be positive. Unless both faces are flat, one must be convex 


and the other concave. The limits within which a suitable 
value of wu’ will secure aplanaticism are found by équating (41) 
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to zero. The roots are reciprocals, and are given by 
Sa Deas) (42 
- PRET ea Brae, 

If the actual value of s : r be nearer unity than the values de- 

termined by (42), the aberration may be destroyed by selecting 

for u’ one of the roots of (40). 


me ei; ue #=1°62, and the refracting angle be 60°, 
f= 2004, 


~ = 1-43 or (1:48). 


Unless, therefore, the curvatures are opposite and pretty nearly 
equal, no adjustment of the focus of the collimator can destroy | 


the aberration. 

In any optical instrument whatever, the aberration in the 
primary plane may be eliminated by sloping one of the lenses 
to a suitable angle ; but, as was shown in the preceding sec- 
tion, we have also in many cases to contend with the aberra- 
tion of the rays in the secondary plane. ‘The latter aberration 
is more difficult to calculate than the former. Among lenses, 
the only case that I have investigated is that of a plano-convex 
lens on the curved side of which parallel light falls. It ap- 
pears that the aberration of the rays in the secondary plane 
vanishes when the following relation obtains between the 
refractive index and the obliquity : 


; (43) 


The obliquity is zero when w=1°62—the same value of pw | 


that gives no aberration in the primary plane for rays of small 
obliquity. Neither kind of aberration is important for a glass 
lens of this sort moderately sloped. If w=1:5, (48) gives 
b=73°. If w exceed 1°62, (43) cannot be satisfied. 

Another case of considerable interest can be investigated 
more easily. It is that of a prism with flat. sides, through 
which convergent or divergent light passes. The prism is 
supposed to be adjusted until the symmetrical (horizontal) 
plane contains the radiant point; but it need not be in the 
position of minimum deviation. The problem depends upon 
the same principles as are applied by Professor Stokes* to in- 
vestigate the curvature of the image of a straight line when 
seen through a prism. If @ denote the altitude of a ray before 
it falls upon the prism, @ the altitude of the ray within the 
prism, the horizontal projection of the ray follows a course 


* Royal-Society Proceedings, April 50, 1874. 
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which would be that of an actual ray if the refractive index 
cos 0’ 


cos 8 
and 0, 9’ are supposed to be small, the virtual change in the 


were changed from pm to p Since sin 6’=p7'sin @, 


refractive index is from p to w+ £(w— pe) 0. Thus, if du re- 


resent the range of refrangibilities confused in the resulting 
spectrum of an infinitely thin slit, 


Su} (u— =) 6. AO FOND I CAB 


The. factor w—p—! is equal to unity when ~=1°62, and for 

lass will never differ much from unity. By comparison with 
(31), it would appear that in the case of a 60° prism in the 

osition of minimum deviation, the admissible vertical angular 
aperture is twice as great as the admissible horizontal angular 
aperture; but, on account of the variable distribution of light 
in the image, this conclusion probably requires modification 
in favour of the horizontal aperture. : 

If there is to be no confusion of the two soda-lines when 
seen with a prism of extra-dense glass one inch high, the dis- 
tance of the radiant points must exceed four feet. 

Hquation (44) is applicable without change to a spectroscope 
of any number of properly adjusted prisms of similar material. 


§ 8. The Design of Spectroscopes. 


The circumstances under which spectroscopes are used 
are so various that it is probably impossible to lay down 
any one construction as absolutely the best; but the princi- 
ples of the foregoing sections allow us to impose certain limi- 
tations within which the choice of the designer must be con- 
fined. ‘The first point to be considered is the resolving-power. 
This, in the case of prismatic instruments of one given mate- 
rial, carries with it the total thickness traversed; and the 
question is simply in what form it is most advantageous to 
employ this thickness. The other points to be attended to are 
principally illumination, quantity of material, ready applica- 
bility to various parts of the spectrum, simplicity and ease of 
construction. | 

To a certain extent the requirements of illumination and re- 
solving-power are antagonistic. If, indeed, the eye were a 
perfect instrument, a beam of diameter equal to that of the 
pupil would present the full degree of brightness, and a resol- 
ving-power corresponding to the thickness employed. But, 
as was explained in § 3 (vol. viii. p. 272), in order to obtain the 
full value of the thickness it is necessary further to narrow the 
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beam ; and then illumination suffers. If full illumination be 
required, we must employ a thickness three or four times ag 
great as that defined by (5), § 3. 

Apart from the question of the area of the pupil occupied 
by the beam, illumination suffers from the effects of absorption 
and reflection. The first depends simply upon the thickness 
traversed, and is therefore an invariable quantity when the 
material and resolving-power are given. Some years since it 
was laid down by Pickering* that in spectroscopes composed 


of prisms of the same material and in the position of minimum > 


deviation (which disperse equally and admit the same amount 
of light) the loss by absorption will be the same. In accord- 
ance with what has just been proved, we are now able to 
dispense with the restriction to minimum deviation. 

In powerful spectroscopes the transparency of the material 
of which the prisms are made is a point of great importance. 
Some specimens even of well-made flint and crown glass exa- 


mined by Christie }.stopped as much as half the light in a 


thickness of 4 inches. Such a degree of absorption renders 


the glass unsuited for instruments of more than moderate 
power. Erom measurements by Robinson and Grubbt, how- 
ever, it would seem that absorption need not stand in the 
way of much more powerful instruments than any yet at- 
tempted. One specimen of Chance’s glass was of such trans- 
parency that 111 inches would be necessary to reduce the 
transmitted light in the ratio 2°7 to 1. 
The loss of light by reflection depends upon the number 
of surfaces and upon the angles at which the rays are inci- 


dent. It might be thought that a great multiplication of © 


surfaces was necessarily very unfavourable to brightness ; but, 
as has been pointed out by Pickering in the paper referred to, 
this difficulty may be overcome by using prisms of such angle 
that the reflected light is perfectly polarized. Under these 
circumstances half the light at least escapes reflection ; and 
the necessary angles (64° for ordinary flint glass) are not 
otherwise objectionable. The least loss of light is incurred 
when the whole thickness is thrown into one prism of mode- 
rate angle; but the gain in brightness would rarely compen- 
sate for the other disadvantages of such a construction. 


* “On the Comparative Efficiency of Different Forms of the Spectro- 
scope,” Phil. Mag. vol. xxxvi. p. 41, 1868. 
+t “On the Magnifyine-power of the Half-prism as a Means of obtain- 
ing great Dispersion, and on the general Theory of the Half-prism Spec- 
troscope,’’ Proceedings of the Royal Society, March 1, 1877. 
t “ Description of the Great Melbourne Telescope,” Phil. Trans. 1869, 
. 160. | 
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With regard to the material for prisms, the choice lies prin- 
cipally between various kinds of glass and fluids. It is not 
without difficulty that glass is prepared free from striae and 
well annealed; but solid prisms have the great advantage 


that, when once good ones are obtained, there is no further 


trouble. In consequence probably of the practice of using 
in all cases a standard angle of 60°, an exaggerated idea is 
often entertained of the advantage of great density. Accord 
ing to Hopkinson, the difference of indices relative to the lines 
D and B for dense flint, extra-dense flint, and double-extra- 


dense flint are respectively 0067, -0075, and °0091, which 


numbers are inversely as the equivalent thicknesses. 

Of fluids, bisulphide of carbon has the merits of cheap- 
ness and very high dispersive power, the difference of in- 
dices for D and B being -0126. When pure, itis also in a high 
degree transparent. On the other hand, its sensitiveness to 
yariations of temperature is so great that 1° C. makes about 
nine times as great a change of refrangibility as a passage 
from D, to D,. Great precautions are therefore required to 
prevent inequalities of temperature from destroying definition ; 
and frequent shaking is generally necessary. Some observers 
have thought that, apart from inequalities of temperature, or- 
dinary bisulphide of carbon tends to arrange itself in strata 
of different. refracting-power; but this does not seem to be 
established satisfactorily. In some recent experiments with a 
rotating stirrer, introduced with the view of promoting uni- 
formity of temperature, I obtained evidence of a thin layer 
of moisture floating on the surface. Under the action of the 
stirrer this layer was broken up and the liquid rendered very 
irregular. A few lumps of chloride of calcium introduced into 
the liquid absorbed most of the layer; but an arrangement 
such that the free surface remained undisturbed would have 
been preferable. 7 

Within the last few months Prof. Liveing* has proposed 
the use of a solution of iodide of mercury, which is consider- 
ably more dispersive than even bisulphide of carbon, the dif- 
erence of indices between D and B amounting to ‘017. This 
liquid is of a yellowish colour, and is hardly sufficiently trans- 
parent, even at the lower end of the spectrum, to make its 
use advisable in very powerful instruments. But for some 
purposes its great dispersion is an important recommendation. 
Using a single prism of 60° with an available thickness of 
15 inch, I have obtained results which many pretentious in- 
struments could not surpass. 


* “On the Dispersion of a Solution of Mercuric Iodide,” Cambridge 
Proceedings, May 19, 1879. 
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Experience has not yet decided the question as to the rela. 


tive advantages of large and small prisms. As generally used 
large prisms have the disadvantages of requiring a greater quan- 
tity of material for a given thickness and of involving cumbrousg 


and more expensive telescopes. The first might be avoided - 


partially, and the second wholly, by the use of higher refracting 
angles, or (perhaps preferably) by the addition of half-prisms 
to the ends of the train (fig. 19). That prisms may act 


Fig. 19. 


as cylindrical telescopes was observed many years ago by 
Brewster * ; and recently Christie has constructed half-prism 
spectroscopes in which this property is taken advantage of. 
In these instruments, however, the total thickness of glass is 
too small for high resolving-power. 

In the arrangement of fig. 19 the rays from the collimator 
are received on diminishing half-prisms, by which the width 
of the beam is increased up to the point suitable for the big 
prisms. Afterwards the rays are concentrated by magnifying 
half-prisms until the width of the beam is the same as at first. 
On this plan the larger prisms need be no higher than small 
ones; and the quantity of glass corresponding to a given total 
thickness varies as the first power, instead of as the square, of 
the linear dimension. TION 

I have experimented with a pair of 60° prisms, 3 inches 
thick and only 2 inch high. The glass is of rather low den- 
sity; so that when the position of minimum deviation is 
adopted, the emergent beam is inconveniently wide. With 
this material a larger angle would have been preferable ; 
but much the same result may be arrived at by turning the 

‘prisms a little, so as to increase the angle of incidence on 
the first surface and the angle of emergence from the last 
surfacet. In this way the incident and emergent beams are 
so far narrowed that they can be received on small telescopes; 
and the combination is very economical in comparison with 
one in which the position of minimum deviation is adopted, 


* ‘Optics’ (London, 1853), p. 513. 
+ A pair of prisms thus arranged is called by Thollon a couple. 
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‘volving, as it would, larger telescopes, and, unless a loss of 
prightness were accepted, higher prisms. 
Another point requiring attention in the discussion of the 
nestion of large versus small prisms is the relative ditiiculty 
of securing the necessary accuracy of surfaces in the two 


cases; but it can hardly be treated satistactorily a prior. It 


would, however, seem that small prisms have the advantage 
in this respect also. 

So far 1 have supposed the prisms to be simple. Of late 

ears compound prisms of flint and crown have come largely 
‘to fashion; and quite recently M. Thollon has revived the 
use of compound prisms of bisulphide of carbon. Mr. Christie 
considers that compound prisms are, on the whole, to be pre- 
ferred; but I cannot help thinking that, except where direct 
yision is important, their advantages have been overrated. 
The difference of indices in the case of crown glass for the 
rays D and Bis ‘0035, which is quite sufficiently high to come 
into comparison with the corresponding numbers for flint and 
pisulphide of carbon. In a direct-vision prism the thickness 
of the crown is greater than that of the flint; so that the loss 
of efficiency is even more serious than a mere comparison of 
the dispersions would suggest. See (6) § 4. 

The principle of the compound prism is carried to its limit 
by employing media of equal refracting-power for the part of 
the spectrum under examination. For this purpose I chose 
bisulphide of carbon and flint glass. With Chance’s “ dense 


 flint”’ the refractions are the same, and the difference of dis- 


persions relative to D and B is -0056, « e. about as great as 


the difference for ‘‘ double-extra-dense flint’? and crown. A 


dozen glass prisms of 90° were cemented in a straight line on 
a strip of glass and immersed in bisulphide of carbon. The 
liquid is contained in a tube closed at its ends with glass plates. 
The “thickness” of each prism is 1 inch and the height about 
3 inch, so that the total thickness is 12inches. The character 
of the glass is such that at ordinary temperatures the red rays 
pass without deviation. To observe other parts of the spec- 
trum with advantage, it is necessary to mix a little ether with 
the bisulphide of carbon in order to lower its power. A 
similar result could be obtained by slightly warming the tube; 


_ but this course is not to be recommended. 


The instrument, which was made by Hilger, gave excellent 
results at times, but showed the usual caprice of bisulphide of 
carbon. With the refracting edges vertical, the definition 
was usually good for twenty or thirty seconds after shaking 
up, but would often rapidly deteriorate afterwards. Although 
care was taken not to touch the tube with the hands, this 
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effect was sometimes so persistent that I began to think I had 


evidence of a tendency to separate into distinct layers. When 


the edges of the prisms (and slit) were horizontal, the tube 
being also horizontal as before, the loss of definition after 
shaking still occurred, but could be remedied in great meaz 
sure by a change of focus. Further experience, however, led 
me to attribute these effects to temperature-differences, caused 
perhaps by the ceiling of the laboratory being warmer than 
the floor. At any rate, they were greatly mitigated by wrap- 
ping round the tube strips of copper and numerous folds of 
cloth; and they could be produced with considerable persist 
ency by touching the top of the naked tube for a few seconds 


with the hands. A difference of even +4, of a degree Cent, 


between the upper and lower halves of the prisms might be- 


expected to make itself apparent when the edges are vertical, 
The advantages of this construction are the elimination of re- 
flection and the almost absolute immunity from defects due 
to errors in the separating surfaces; but they are rather dearly 
purchased. As might be expected, the best results as to defi- 
nition are obtained when the tube is vertical; but such an ar- 
rangement is inconvenient, as it involves the aid of reflectors, 
Spectroscopes on this plan may perhaps be useful for special 
purposes; but the want of ready adaptability to different parts 
of the spectrum is a serious objection. 

The general result of this discussion would seem to be in 
favour of a spectroscope with simple glass prisms of such 
angle that the reflected light is wholly polarized, the number 
of prisms being increased up to the point at which mechanical 
difficulties begin to interfere. With the aid of reflection, ‘at 
least six prisms may be used twice over. When it becomes 
necessary to increase the size of the prisms, considerable eco- 
nomy may be effected by the introduction of half-prisms at the 
ends of the train, as already explained. 

When the surfaces are not quite flat, or when the focus of 
the collimator is imperfectly adjusted, it becomes important to 
secure a rather exact perpendicularity between the edges of 
the prisms and a plane passing through their middle points ; 
otherwise the linear image ofa point may not be parallel to 
the length of the slit. ven when the plane of symmetry is 
obtained, there may remain considerable errors, due to curva- 
ture of the image, dependent upon the quantity denoted by ¥ 
in § 6. Much information as to the cause of bad definition 
may often be obtained by replacing the slit by a simple hole 
and examining the character of the resultant image. Inmany 
instruments a great improvement is effected by narrowing 

the vertical aperture whenever the light will bear diminu- 
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uch a result may be anticipated when with full aper- 
flse a top and oben at the spectrum appear better defined 
than the central parts. The principal cause of error Oe 
bably a deviation of the extreme rays from horizontal y iN 
their passage through the prisms, due either to neh ae ec 
action of the collimator or to the curved faces of preceding 
"Th is not easy to decide whether the highest resolving-power 
is more likely to be obtained by gratings or by prisms: ae 
to a certain point the resolving-power of gratings 1s pI Soke y 
a question of the accuracy with which the lines can be ru i ; 
If the deviations of the lines from their proper places do 
not exceed (say) one fourth of the interval between aon 
tive lines, the definition in the first spectrum will not is 
materially injured. To obtain corresponding results ate € 
nd, 3rd, 4th,... spectrum, the errors must not exceed g, 
ee ail ... respectively of the same interval. very effort 
tnould also be made to rule as great a number of lines as pos 
sible, even if it be necessary for this purpose to reduce their 
Behave lately had the opportunity of experimenting with 
two Rutherfurd gratings, one on glass, with nearly ae 
lines (a present from Mr. Rutherfurd himself), the other . 
speculum-metal, with nearly 14,000 lines (kindly lent me ny 
Mr, Spottiswoode). The lines are at the rate of 17 296 to the 
inch. Both these gratings give admirable results in the 
second spectrum, where, according to (14) § 4, the resolving- 
power in the orange exceeds that obtainable from 25 centims. 
of extra-dense flint. In the third spectrum the gain of re- 
solving-power is still apparent, but illumination is rather 
deficient. hee 
It is much to be wished that spectroscopists In possession 
of powerful instruments would compare their actual perform- 
ances with those of which they are theoretically capable. A 
carefully arranged succession of tests of gradually increasing 
difficulty, like those applied to telescopes, would be of espe- 
cial value. In my own observations I have usually attended 
principally to the definition of the fine lines bordering b2 and 
to the double line 63. , age 
For experiments on dark heat, to which in some respects 
oratings are well adapted, resolving-power 1s secondary to 
illumination. In order to avoid confusion of spectra, it would 
be well to eliminate the second spectrum altogether, which 
could be effected by ruling equally strong lines at alternate 
intervals in the ratio of one to three. | 
Terling Place, Witham, 
Nov. 8, 1879. 
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VI. Note on a Method of Checking Calculations. 
By W. H. Watenn™. 


fFXHE method of checking calculations by casting out the 
nines has only been utilized to a limited extent—prin- 
cipally in schools, to check multiplications and divisions of 
considerable length. The fact does not seem to have been 
realized by teachers, although it has long been known to ma~ 
thematicians, that every operation in natural numbers has a 
corresponding operation in the remainders to any divisor of 
those natural numbers, which may be used to check a caleu- 
lation in many cases from beginning to end without appeal to 
the original numbers, except at the beginning and the end. 
Moreover the application of these remainders is never made, 
by teachers, to decimal calculations. This is easily under- 
stood, because the change in the condition of the remainder 
(when so used) is not realized by them. When employed to 
check calculations, the remainder is no longer in the condition 
implied in the equation Z=ct but it is simply the number 
of units by which the number is in excess of being exactly 
divisible by nine. Therefore the checking process is as appli- 
cable to all terminable decimals as it is to ordinary numbers, 
If, for instance, it be required to ascertain the weight of 
water in a tank which is 2°375 feet high, 3°25 feet wide, and 
3°79 feet broad, the formula may be written w= 62°32 abe, and 
the state of the question is w=62°32 .2°375 . 3:25 .3°75 in 
pounds, the result being w=1803-871875 lbs. The definition 
of a unitate. being the number of units by which the correspond- 
ing number is in excess of being exactly divisible by a given 
number (nine in this instance), the operation of checking the 
calculation by which w was found may be symbolized as fol- 
lows :—U,w=U,(4.8.1.6)=3. That the above value of w 
is correct appears because U,1803°871875=3. It will be 
found that the formulation of the process to be effected by 
unitation, as a check upon a main calculation, is of great 
service. 

Not only is it possible to check calculations involving direct 
operations, but it is also possible to check inverse operations 
by unitation. In checkin g subtraction, it must be remembered 
that a remainder is not really altered by the addition of the 
divisor, for instance U,3=U512 ; subtraction may then take 


* Communicated by the Author, having been read before the British 
Association, Section A, August 23, 1879. 
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From the Purmmosopuican Macazine for April 1871. - 


ON THE CAUSE 
OF THE 


INTERRUPTED SPECTRA OF GASES. 


BY 


ay 


G. JOHNSTONE STONEY, M.A., F.R.S.* 


N the Philosophical Magazine for August 1868, there is a 
I paper ‘‘ On the Internal Motions of Gases” f, by the author 
of the following communication, in which a comparison is insti- 
tuted between these motions and the phenomena of light, from _ 
which the conclusion is drawn that the lines in the spectra of 
eases are to be referred to periodic motions within the individual 
molecules, and not to the irregular journeys of the molecules 
amongst one another. 

Mr. Stoney thinks it possible now to advance another step in 
this inquiry, and has given to the Royal Irish Academy an ac- 
count, of which the following is an abstract, of the grounds upon 
which he founds this hope. . 

A pendulous vibration, according to the meaning which has 
been given to that phrase by Helmholtz, is such a vibration as 
is executed by the simple cycloidal pendulum. It is, accord- 
ingly, one in which the relation between the displacement of each 
particle and the time is represented by the simple curve of sines, 
of which the equation is 


y=C)+C, sin (w+), 


where y—C, is the displacement of the particle from its central 
position; C, is the amplitude of the vibration ; xv stands for 

* From the Proceedings of the Royal Irish Academy, read January 9, 
1871. 


+ In reading that paper, the reader is requested to correct 16° into ¥ 16 
at the end of paragraph 2. 
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2 Mr. G. J. Stoney on the Cause of the 


t : 
Q0T = where ¢ is the time from a fixed epoch, and 7 the period of 


a complete double vibration; and @ is a constant depending 0} 
the phase of the vibration at the instant which is taken Be th : 
epoch from which ¢ is measured. : 
Now we may not assume that the waves impressed on the 
ether by one of the periodic motions within a molecule of a ga 
are of this simple character. We must expect them to be nual 
much more involved. And whatever may happen to be the a 
tricacy of their form near to their origin, they will retain sub- 
stantially the same complex character so long as they advance 
through the open undispersing ether, in which waves. of all] 
lengths travel at the same rate. But it would seem that a ver 


EF a Lp o . ° . 
different state of things must arise when the undulation enters a ° 


dispersing medium, such as glass. 

Let us suppose that the undulation* before it enters the glass 
consists of plane waves. Then, whatever the form of these wives 
the relation between the displacement of an element of the ether 
and the time may be represented by some curve repeated over 
and over again, This curve may be either one continuous curve, 
or parts of several different curves joined on to one another In 
the latter case (which includes the other) one of the sections of 
the curve may be represented by the equations 


y=(z) from x=0 to «=a, 

y=,(z) from «=a, to =z,, 
and so on to 7 

y=,(2) from #=2, to =2r, 


y being the displacement, and « being an abbreviation for 2a u 

3 

rh py ° ° ° e 2 iu 
where 71s the complete periodic time of one wave. 


The undulation in vacuo will then be represe 
_ The t sented ; 
Fourier’s well-known theorem, by the followings Mabe ue : 
y=Ag+A,cosv+A,cos2e+... 
+B, sin v+Bysin2e+..., ae 


where the coefficients are obtained from | 
Bait: Ee 8 equation 2 
finite integrals q s (1) by the de 


20r 
{ y cos nx, dv=rrA,, 
0 


2r 
y sin nz, dx=TBp. | 
a, 


e 0 


# . } ° . : 
By the term undulation is to be understood a series of waves. 
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, the equation of the undulation before it enters 


Equation (2) 


Die elass, may be put into the more convenient form 


y—Ap= CO, sin (# +0) +0, sin (Qe ao) 4-5-1 1) 


where y—Ao 18 the displacement from the position of rest, and 


the new constants are related to those of equation (2) as follows: 


C= VA2+B?, 2,= tan? 2". : 


The first term of expansion (4) represents a pendulous vibration 
of the full period + ; the remaining terms represent harmonics 
of this vibration ; 2. e. their periodic times are $7, 37, &c. All 
of these also are pendulous ; so that equation (4) is equivalent to 
the statement that whatever be the form of the plane undulation 
before entering the glass, it may be regarded as formed by the 
superposition of a number of simple pendulous vibrations, one 
of which has the full periodic time T, while the others are har- 
monies of this vibration. ) | 

Moreover these vibrations will coexist in a state of mechanical 
independence of one another, if the disturbance be not too violent 
for the legitimate employment of the principle of the superposi- 
tion of small motions. So long as the light traverses undisper- 
sing space these constituent vibrations will strictly accompany 
one another, since in open space waves of all periods travel at 
the same velocity. The general resulting undulation will there- 
fore here retain whatever complicated form it may have had at 
frst. But when the undulation enters such a medium as glass, 
‘n which waves of different periods travel at different rates, the 
constituent vibrations are no longer able to keep together, each 
being forced to advance through the glass at a speed depending 
on its periodic time. Thus there arises a physical resolution 
within the glass of series (4) into its constituent terms*. And 


* Other expansions similar to Fourier’s series can be conceived, in 
which the terms, instead of representing pendulous vibrations, would re- 
present vibrations of any other prescribed form; and hence a doubt may 
arise whether the physical resolution effected by the prism is into the 
terms of the simpler series. That it 1s so may, perhaps, not be sus- 
ceptible of demonstration; but the following considerations seem to 
show it to be probable in so high a degree that it is the hypothesis which ' 
we ought provisionally to accept. For, first, the form of the emerging 
vibrations is independent of the material of the prism, since the lines cor- 
respond to the same wave-lengths as seen In all prisms; and, secondly, it 1s 
independent of the amplitude of the vibration within very wide limits, since 
the positions of the lines remain fixed through great ranges of temperature, 
and, in many eases, when the temperature falls so low that the lines fade 
out through excessive faintness. The first consideration shows the series 
tu be the same under varying circumstances ; and the second consideration 
suggests, as in the theory of the superposition of small motions, that this 


re) . . Y . ‘ 
series is a series of pendulous vibrations. 
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in different directions, so that each will give rise to a separate 
line in the spectrum of the gas. 

We thus find that one periodic motion in the molecules of the 
incandescent gas may be the source of a whole series of lines in 
the spectrum of the gas. The nth of these lines is represented 
by the term : 


C,, sin (nw + @,), 


in which C,, is the amplitude of the vibration ; and consequently 


C,, represents the brightness of the line. If some of the coeffi- 
cients of series (4) vanish, the corresponding lines are absent 
from the spectrum. This is analogous to the familiar case of the 
suppression of some of the harmonics in music, and appears to 
be what usually occurs in those spectra which are called by 
Pliicker spectra of the Second Order. 

In spectra of this kind the lines which fall within the limits 
of the visible spectrum appear at first sight to be scattered at 
irregular intervals, This may arise, and probably does in most 
cases arise in part, from the cireumstance that there may be 
several distinct motions in each molecule of the gas, each of 
which produces its own series of harmonics in the spectrum, 
which by their being presented together to the eye give the 
appearance of a confused maze of lines. But it appears also to 
arise in part from the absence of most of the harmonics, so that 
it is not easy to trace the relationship between the few that re- 
main. ‘To do so without the assistance of spectra of the First 
Order, requires that we should have at our disposal determina- 
tions of the wave-lengths of the lines made with extraordinary 
accuracy; and perhaps in a few cases, as, for example, in the 
case of hydrogen, the marvellous determinations which have been 
made by Angstrom may have the requisite precision, 

The ordinary spectrum of hydrogen consists of four lines, cor- 
responding to C in the solar spectrum, F; a line near G, and A. 
To these it is possible that we ought to add a conspicuous line 
in the solar promimences which lies near D, but which has not 
yet been found in the artificial spectrum of hydrogen. Of these 
lines, three, viz. C, F, and A, are to be referred to the same mo- 
tion in the molecules of the gas. 
> Im fact the wave-lengths of these lines, as determined by 
Angstrém™, are: : 


G 
* Angstrém’s Recherches sur le Spectre Solaire, p. 31. A tenth-metre 
means a metre divided by 10!°; similarly a fourteenth-second is a second 
of time divided by 10*. 





it the glass be in the form of a prism, the pendulous undulations | 
corresponding to the successive terms of series (4) will emerge — 
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fh =4101°2 tenth-metres. 
F =4860°74 ie 
C=6562°10 im 
These are their wave-lengths in air of standard pressure a8 
14° temperature, determined with extraordinary precision. . 
must correct these for the dispersion of the air, so as to arrive 


ionate to the periodic 
ye-lengths in vacuo which are proportiona 
ee Now. by interpolating between Ketteler’s observations* 


on the dispersion of air, we find 
[bn = 1'000 299582, 
px= 1-000 29689, 
[og = 1'000 29388 


e indices of air of standard pressure and tempe- 
rature for the rays h, F, and C. From these we deduce that if 
the air be at 14° of temperature, the refractive indices will become 


[ty =1:000 2840, 
poy= 1:000 2820, 
foo= 1:000 2791. 
Multiplying the foregoing wave-lengths by these values, we find 


for the wave-lengths mm vacuo, 
h =4102°37 tenth-metres, 


F =4862°11 33 
C= 6563:93 a 
which are the 82nd, 27th, and 20th harmonics of a fundamental 
vibration whose wave-length in vacuo 1s 
0°13127714 of a millimetre, 
as appears from the following Table :— 


Bee ee 


Observed wave-lengths 
reduced to wave-lengths 


for the refractiv 


Calculated values. Differences. 


hee Xth-metres. 
1 4102.37 aX 1S1977-14-— 4102-41 +004 
F =4862:11 jy X 18127714 = 4862-12 +0:0] 
C =6563-93 a5 X 131277°14 = 656386 —0:07 
| 
Thus the outstanding differences are all fractions of angeleventh- 
metre, an eleventh-metre being the limit within which Angstrom 
thinks that his measures may be depended on. 


. * Phil. Mag. 1866, vol. XXxil, p. 345, 
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city of light to be 298,000,000 metres per second. 

Hence we may conclude, with a good deal of confidence, that 
44: XIVth-seconds is very nearly the periodic time of one of the 
motions within the molecules of hydrogen. a 

The other harmonics of this fundamental motion in the mo. 
lecules of hydrogen, viz. the 19th, 21st, 22nd, &e. harmonies, 
are not found in this spectrum of hydrogen. But two other 
spectra of hydrogen are known to exist in which there are a 
great number of lines; and possibly the missing harmonics wil] 
be found amongst them when their positions shall have been 
sufficiently accurately mapped down. A far more moderate de. 
gree of accuracy will suffice in this case than was required by the 
foregoing investigation. 


6 
y 
i 


The wave-length 0:13127714 of a millimetre corresponds to © 
the periodic time 44 fourteenth-seconds, if we assume the velo. | 
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ing e only case in which the author 

oe ie to ree sae sean was that of the nigese 
a of the First Order, observed by Plucker. it woul 

0 are m his observations* that the more refrangible of a 

a ted atterns observed by him is due to a motion 1m the 

ine length of about 0°89376 of a millimetre, 


o a wave- 
BP cresponds to a periodic time of three XIIth-seconds, 
whi ! 


e of the flutings consisting of the thirty-five harmonics from 
Aut the 1960th to the 1995th. | sh Site 
a This result, however, does not one the oP i ene H Wa 

‘ne determination of one of the periodic tim | 
is oe but it will suffice to show the character of os 
ae easier investigation which has to be made in the case 0 
m 


eases which 


produce spectra of the First Order. 


* Philsephical Transactions for 1865, p. 7, § 16. 














But it is from the examination of spectra of the First Order that 
the most copious results may be expected. These spectra con- 
sist of lines ruled close to one another, and presenting in the ag- 
gregate the appearance of patterns which often resemble the 
flutings on a pillar. When these spectra are more carefully ex- 
amined, it is probable that the whole series of lines occasioning 
one of the fluted patterns will be found to be the successive har. 
monics of a single motion in the molecules of the gas. It may 
readily be shown that such patterns as are met with in nature 
may in this way arise. For this purpose it is only necessary to 
make some suitable hypothesis as to the original undulation im- 
pressed by the gas upon the ether. Thus, if the law of this 
undulation were the same as that of the motion of a point near 
the end of a violin-string, and of a periodic time sufficiently 
long (as, for example, two million-millionths of a second), this 
undulation, when analyzed by the prism, would give a spectrum 
covered with lines ruled at intervals about the same as that be- 
tween the two D lines, and of intensities varying so as to become 
gradually brighter and then gradually fainter several times in 
succession in passing from line to line along the spectrum. 
These alternations would give a fluted appearance to the spec- 
trum ; and from appropriate hypotheses as to the original vibra- 
tion, all the patterns met with in nature would result, Possibly 
it may prove to be practicable to trace back from the appearances 
presented within the limits of the visible spectrum to the cha- 
racter of the original motion to which they are all to be referred. 
But, however this may be, it will be easy In a spectrum of this 
kind, in which we have a long series of consecutive harmonies, 
to determine at least the period of this motion ; and it is in the 
examination of these spectra that the most easily obtained results 
may be expected. But the necessary observations are at present 
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Section I. Introductory. 
1. NE of the authors of this communication endeavoured} 
in 1867 to call attention to the circumstance that 

wherever the spectrum of a gas consists of lines of definite wave- 
lengths there must be periodic motions in the gas, and that mo- 
tions of this kind can exist only within the individual molecules 
of the gas; and more recently{ he has pointed out that from 
each periodic motion there will usually arise several lines, and 
that the lines which thus result from one motion will have periods 
that are harmonics of the periodic time of the parent motion. 

9. In our endeavours to bring this theory and its various con- 
sequences to the test of observation, we commenced with absorp-. 
tion-spectra, for the examination of which the apparatus at our 
immediate command was best suited. The apparatus consisted 
mainly of the great Grubb spectroscope of the Royal Dublin 

* Read before the Royal Irish Academy, June 12, 1871. 


+ Phil. Mag. vol. xxxvi. (1868) p. 132. 
+ Phil. Mag. vol. xli. (1871) p. 291, and Proceedings of the Royal Irish 


oa of January 9, 1871. Report of the British Association for 1870, 
p. 41. 
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Society, and of the appliances in the laboratory of th iety 
e 
wees g up an abundant supply of the Sitiy diesen time Hen? 
ee ee eo obstacles we anticipated were those that arise 
zon Me reme closeness with which the lines are often found 
o be ruled, and those to be expected from the complexity of 
spectra; for usually lines belonging to several distinct s con 
are presented together to the eye within the same field of ie 
and this makes an apparently confused maze of lines,’ fro 
which it is difficult to pick out those that are to be referred _ 
ally One motion in the gas. Accordingly, asa preliminary ste : 
we looked at several of the absorption-spectra of coloured ie ou 
to see whether amongst them we could find one in which ie a 
is a system of lines which we might hope to refer to a iter 
Bete in the molecules of the vapour, free from lines smanatine 
rom other motions in the molecules of the vapour, and suffi. 
ciently separated from one another to be easily measured AK 
few days after we commenced operations we were so fortunat 
as to meet with the object of our search. The brown vapours of 
ee ene auaigride (Cr 0? Cl?) when interposed between 
- an 
quis ae city. e€ spectroscope pave a spectrum of the re- 
- In order to test that part of the theory which indicat 
ae periodic ees of the wave-vibrations of the several ihe aa 
is monies of one periodic time, we find it convenient to refer 
e positions of all lines to a scale of reciprocals of the wave 
lengths. This scale of inverse wave-lengths has the great conve- 
mience for our present purpose, that a system of lines with 
periodic times that are harmonics of one periodic time will b 
equidistant upon it: it has also the minor convenience that i 
ve more closely resembles the,spectrum, as seen, than the scale 
of direct wave-lengths used by Angstrém in his classic ma 
Upon our scale the inverse wave-length 2000 corresponds Z 


Angstrom’s direct wave-length 5000. The numbers which 


Angstrom uses are tenth-metres, 7. e. the lengt 

dividing the metre into 10! parts; and has Hee ee 
that each number upon our scale is the number of light-waves 
ina millimetre: thus 2000 upon our scale means that the corre- 
sponding wave-length is y/yg of a millimetre. Now, if k be the 
inverse wave-length, expressed upon our scale, of a fundamental 


motion in the ether, its direct wave-length will be ith of a milli- 


metre, and its harmonics will have the wave l l : 
mn th aaeahe oy eee 
eng S oh 3h? &c. 


Accordingly the verse wave-length of the nth harmonic will be 
ot) he. ey 





of the Interrupted Spectra of Gases. 3 
Hence it is easy to see that a system of harmonics which are 
equally spaced along our scale at intervals of & divisions are har- 
monies of a fundamental motion whose inverse wave-length 1s 4, 


whose direct wave-length is ith of a millimetre, and whose pe- 


riodic time is = where 7 is the periodic time of an undulation in 
consisting of waves one millimetre long. If we use 
determination of the velocity of light, viz. 298,000,000 
d, the value of this constant is 

7=3°3557 twelfth-seconds, = . - - (2) 
h-second a second of time divided by 10!2, 
sis the millionth part of the millionth of a 


the ether 
Foucault’s 
metres per secon 


meaning by a twelft 
which in other word 


second of time. 


Suction II. On the periodic time of one o f the motions in the 

molecules of Chlorochromic Anhydride. 

5, We generally made use of the vapour of chlorochromic an- 
hydride mixed with air, and at the temperature and pressure of 
the atmosphere. We tried the vapour freed from air, and also 
at somewhat higher temperatures; but in neither case did we 
observe any marked difference in the spectrum. An image of 
the lime-light was formed on the slit of the spectroscope by a 
condensing-lens of about 30 centims. focus, and of such a size 
‘that the whole of the collimating-lens was filled with light*. 
The column of chlorochromic vapour, if not too long t, was placed 
between the condensing-lens and the slit. The spectrum which 
then presents itself consists of a number of sensibly equi- 
distant dark lines in the orange, yellow, and green. In the 
orange these lines fade away and leave part of the orange 

and the red unsubdued by lines. In the other direction the 


* This is a condition which is essential to making good measures. If 
only a vertical strip of the collimating-lens is supplied with light, the beam 
belonging to one line in the spectrum reaches the image in the observing- 
telescope as a thin wedge of light, wpon which the eye does not readily 
focus itself. Under these circumstances the eye keeps continually altering 
its adjustment, feeling about for the right distance; and if the strip of 
light has not passed exactly centrally through the instrument, this causes 
the image of the line to appear to deviate in various degrees from its true 
position, accordingly as the adjustment of the eye fluctuates. 

+ We used columns of various lengths, varying from 4 to 80 centims. 
From 15 to 20 centims. is agood average length. By increasing the length, 
the lines in the yellow and orange become more conspicuous ; and by dimi- 
nishing it the lines in the green are better seen. With the longest column 
we were obliged to place two condensing-lenses at the ends of the tube, one 
to send the light from the lime-light im a parallel beam along the tube, and 
the other to condense this parallel beam into an image upon the slit of the 


- Spectroscope. 
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lines are gradually lost in an increasing obscuration of the spec. 
trum, which entirely blots out the more refrangible colours. The 
lines are nowhere sharply defined or narrow, nor are the 


absorption, which occupies the more retrangible part of the spec. 


trum, seems to consist simply of lines of the same series so widened 
out that they are blended into one mass. 


6. For the convenience of reference we have numbered the 


lines from a conspicuous one which happens to fall between the . 


two D lines, nearer to the more refrangible one. There are 106 
lines, counting from this line inclusive to a point somewhat 
beyond 4; and we have measured the deviations of 31 of these 
in a spectroscope giving a dispersion from A to H of about 24°, 
We have from these measures deduced the inverse wave-lengths 
by a comparison with the deviations of forty lines of iron, copper, 
ainct, and sodium, extending over the same range of ,the spec- 
trum, of which the wave-lengths in air are recorded by Angstrém 
and Thalen. The interpolation has been effected by a graphical 
method ; and our measures in no case, when repeated, differed 
by one minute of arct. 

7. The first column of the following Table gives the numbers 
of the several lines which we measured, reckoned from that line 
which lies between the two D lines. The second column gives 
the observed positions of the lines upon a’ scale of inverse wave- 


lengths in air, viz. upon a scale of the reciprocals of Angstrém’s 
wave-lengths, which are wave-lengths in air of standard pressure 
and 14° temperature. The third column contains the corre- 
sponding positions upon a scale of inverse wave-lengths in vacuo, 
obtained by applying to the numbers of column 2 the correc. 
tions for the dispersion of air at 760 millims. pressure and 14° 
temperature, deduced from Ketteler’s values§. The fourth co- 
lumn gives the calculated positions, on the hypothesis that the 
limes of the spectrum are equally spaced upon this last scale, as 
they should be according to our theory. And the fifth column 


gives the differences between columns 4 and 8, between the cal- 
culated and observed positions. 


* See further on, § 22. 


t The zinc-line to which Thalen assigns the wave-length 5745, appears 
rather to have a wave-length of about 5739. 
{ The measuring-apparatus of the spectroscope has only recently been 
.completed. It is apparent to us that the instrument is capable of mea- 
suring deviations even far more accurately than we have yet attempted. This 
is due to the extraordinary precision with which Mr. Grubb’s automatic ar- 
rangement returns over and over again to the same position. It has, indeed, 
almost made of the spectroscope a new physical instrument. 
§ See Phil. Mag. vol. xxxii. (1866) p. 336. 


spaces 
between them devoid of duskiness* ; and the region of genera] 
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e e e * e s f 
I.—Positions of 31 lines of the absorption-spectrum 0 
. Chlorochromic Anhydride. 


Corre- Caleu- 
Corre- Calcu- Observed : 

i 4 ing| lated ae 
Bees sponding| lated |piffer-||N o. of positions sponding nections Differ 
No: off posits positions | positions | ences,|| line. | in air. |P 5 ee vacuo. (eee 
WM VACUO.| 2770 VACUO. in vacuo. 


Jine. | im air. 

—) | 1697" 0| 1697:3|—0°3|| 60. | 1860-0| 1859-5| 1859-3 |+0-2 
“ae vie 1710°8 |+-0°4 . | 1862:0| 1861-5 | 1862-0 me 
1724°5 | 1724-0) 1724-3 |—03 _ | 1867:8| 1867:3| 1867°4 ae 
1738°7 | 1788°2| 1737-8 |+0°4 . | 1876-71 | 1875-6 1875'5 oo 
1752°2| 1751-7| 1751-3 |+0°4 . | 1881-3} 1880°8| 1880-9 wae 
1766°0| 1765-5 | 1764°8 |+-0°7 . | 1889-7 | 1889-2] 1889-0 fe 
1774:0' 1773°5| 1772-9 |+0-6 . | 1897-9} 1897-4 1897-1 a : 
1779°1| 1778°6| 17783 |+03 . | 1902-6 | 1902°1 1902:5 ue 
1787:1| 1786°6| 1786-4 |4-0:2 . | 1911-5} 1911-0 1910-6 aE 
1794:1| 1793°6| 1794:5 |—0°9 . | 19162) 1915-7 1216-0 = 
1805°5 | 1805-0] 1805-3|—0-3 || 84. | 1924-5 | 1924-0| 1924/1 ae 
1818-9 | 1818-4} 1818-8 |—0°4 . | 1937-5 | 1937-0 1937-6 aul 
1832:4| 1831°9| 1832-3 |—0-4 . | 1946-5 | 1946-0 1945:7 ae z 
1840:2| 1839-7 | 1840-4 |—0-7 . | 1960-4} 1959-8 | 1959-2 +0: 
1845°5 | 1845-0| 1845-8 |—0°8 _ | 1980-7| 1980-1 | 1980-8 |—0-7 
1853°7 | 1853:2| 1853-9 |—0-7 


The outstanding differences fall within the limits of the errors 
of observation and interpolation. Our theory is therefore verified 
in the case of chlorochromic anhydride. 

8. The interval between two consecutive lines, which we used 
in calculating column 4, was 2°70 scaleins, or units of our scale. 
This value cannot be in error more than one five-hundredth part. 
Hence the periodic time of the parent motion in the molecules 
of chlorochromic anhydride, from which all these lines have pro- 


i : 
ceeded, is within one five-hundredth part of aq T having the 


‘enification already assigned to it. 
“ fein Lceceanee or the interval between two consecu- 
tive lines, we may by equation (1) determme x, or the number 
of the harmonic. Thus, if the inverse wave-length of our zero- 
line be 1697-8, and if & be nearly 2°7,n+1 must be an integer 


which is nearly = ad =628°6. The only possible values are 


627, 628, 629, and 630, since any other integers would carry us 
beyond the errors of observation. And when the measures shall 
have been made with sufficient accuracy to decide which of these 
numbers is the true one, it will in turn be possible to fix the 
value of & with great precision. Thus, if, as is most probable, 
our zero-line is the 628th harmonic, and if its inverse wave- 
leneth in vacuo is 1697-3, then by equation (1) will 


(3) 
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which we offer as probably a very close approximation to He 


value of &, 


Section ITI. On the character of this molecular motion. — 


10. But beside thus determining with very great precision — 


the periodic time of one of the motions in the molecules of the 
vapour of chlorochromic anhydride, the study of this spectrum 
has elicited other information about the motion, which we think 
ourselves justified in putting upon record, althoughit is imperfect, 

11. It was just before leaving off work on the 28th of J anuary 
that we first looked at the absorption-spectrum of chlorochromic 
anhydride, and found that it gives in the greenish yellow a spec- 
trum of lines arranged in nearly the following pattern, 


TELLTALE 
: (4) 
each section of the pattern consisting of five lines, a very dark 


one followed by a very light one, then two of medium intensity 
and then another very light one. ‘ 


12. We saw no more upon that evening ; but in thinking over. 


the pattern afterwards, it seemed to offer some hope that we 
should be able to trace out not only the periodic time of the pa- 


rent motion to which the lines are due, but even some informa-. 


tion regarding the character of that motion. In fact the pattern 
seemed to suggest a very simple law of variation of intensity in 
passing from line to line, viz. that the intensities may probably 
be related in some simple way to the lengths of the ordinates of 
a curve of sines raised from points which divide the interval from 
crest to crest into five equal parts, thus 


For example, taking the expression for the displacement-curve 
of the original disturbance in the ether, which is* 
y=A,+C,sin (v9 +e,)+C,sin (27+a,)+..., . . (6) 


the requisite condition would be fulfilled in the simplest manner, 
if six successive coefficients (the squares of which represent the 
intensities of six successive lines in the spectrum) had the fol- 
lowing values :— | 


* Phil. Mag. vol. xli. (1871), p. 292. 








be 


r ‘ 
f ( 
a 
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GC, =k sin; \ 
Craizk sin (0+17), | 
Crzgzk' sin (0+27), 
Crrs= hl" sin (+37), 

C,,4.4== bY sin (0+ ¢7r), | 
Ce kh" sin G, ) 


; 1 
where 0 is some odd number of times and the k’s are coefii- 


cients which only gradually change in passing from line to line. 

13. This at once suggested a displacement-curve consisting of 
a pair of lines repeated over and over, like the sides of the teeth 
of a saw. For the equation of this displacement-curve is known 


to be* : i 
yarn {SF sin nF .sinn(w— at. » (8) 


And in this equation 
a—pB Ly 


C,=27 —— smn — 
n n2 2 


which would assume the required form (5) if 
| Da tor Mes Ox aes 
¢ being small. The expression for C,, then becomes - 
C Ee aly sin n( = te), 
v n 5 
which would give the observed pattern in those regions of the 
spectrum in which n has such values as make 
ne = an odd number of times . 
(using the symbol = to signify is nearly equal to). For these 
parts of the spectrum 
=~ ase cos n> 
n_ #7 ne 5 
which gives the pattern represented 1n fig. (4). 
14. Midway between two such regions 
| : TLE 
ne = an even number of times 5 


* Equations (8) and (9) taken together represent the motion of a point 


on a violin-string which is nearly, but not quite, two fifths of the length of 


the string from one end. See Helmholtz’s Lehre von den Tonempfindungen, 
edition 1870, Beilage VI. : 
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And in general the variation of the pattern in passing along the 
spectrum may be represented to the eye by conceiving the system 
of six ordinates in fig. (5) to travel sideways while the curve is 
fixed. In the position represented by the continuous lines in 
fig. (5), the squares of the ordinates represent intensities which 
would give pattern (4). If they are shifted to the left into the 
position of the dotted lines until e comes to the point of inter- 
section 0, e will entirely disappear, a, d, and f will become of 
equal length, while 6 and ¢ also become equal but shorter than 
the other three; and in this position the squares of the lengths 
of the ordinates will represent the intensities of lines which 
would give pattern (10). And all other patterns which could 
arise on this hypothesis would be represented by the other posi- 
tions of this system of six ordinates. 

15. On the 30th of January we were able to compare these 
anticipations with the spectrum itself; and we had the satisfac- 
tion of finding that changes closely approximating to the pre- 
dicted changes of pattern actually take place in the absorption- 
spectrum of chlorochromic anhydride, but not at the uniform 
rate of change which the simple hypothesis represented by equa- 
tions (8) and (9) would indicate. 

16. The results of the comparison are embodied in the follow- 
ing Table, the left-hand side of which gives the observed inten- 
sities of the lines on an arbitrary scale in which 10 indicates a 
very dark line, and 1 the faintest visible ; while the right-hand 
side states what the succession of intensities would be on the 
hypothesis represented by equations (6) and (7). Notes of in- 
terrogation are introduced when the lines were too much dilated 
for the observation of their intensities. The lines drawn between 
the two columns point out where the observed succession of in- 
tensities of column I. can be most nearly matched in column II. 
The changes are in the main the same in the two columns; but 
the rate of change follows a law in column I. which has not yet 

been traced out, while in column II. it is uniform. 
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Intensities of 105 lines of the absorption-spectrum of the vapour of Chlorochromic Anhydride. 
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17. We have endeavoured by modifying this simple hypothesis, 
or substituting another, to gain a closer approach to the actual]. 
phenomena, and we have in this way been able to fit the hypo-. 
thesis to the phenomena; but it has been by assumptions which 
are as yet too arbitrary to warrant our placing the somewhat 
complicated details before the public. The simple case given 
above will sufficiently explain the method we employ; and we 
think we have received sufficient encouragement from the results 
of our discussion to hope that this method may elicit in some 
cases really valuable information about the nature as well-as the 
periodic times of molecular motions. 


Section IV. On the perturbations the motion suffers. 


18. In conclusion we wish to advert to one other phenomenon 
which appears to us worthy of note. Every line in a spectrum, 
in order to be visible, must have a certain physical as well as in- 
strumental breadth. By the physical breadth of a line we mean 
that breadth which it has because the light that constitutes it 
is not restricted to one wave-length, but extends between certain 
limits of wave-length ; by the instrumental breadth we mean 
that appearance of breadth which is given to a line by the width 
of the slit of the spectroscope. A line becomes invisible if either 
its physical or its instrumental breadth dwindles to zero*. Now 
the lines of chlorochromic anhydride have a. very considerable 
physical breadth. Hence the original disturbance communicated 
to the ether by the motion in the vapour consists of waves of 
corresponding physical breadth. This must be occasioned either 
by a property inherent in the ether, whereby it can expand over 
a certain range of wave-length a disturbance which it receives 
from a strictly isochronous source; or it is due to real differences 
in the periodic times of the motions in the molecules of the va- 
pour}. Now the variety of the phenomenon in the spectra of 
different gases forbids our accepting any general explanation, 
such as that which alleges a property of the ether; and we are 
therefore compelled to admit that the motions in the molecules 
of the vapour are not strictly isochronous, but that the periodic 
times of some of them slightly exceed, and of others fall short of 
the mean periodic time. The presumption appears to be that 
the motions within the molecules have naturally a definite pe- 


* Phil. Mag. vol. xxxvi. (1868) § 5. p. 136. 

+ The supposition that it may be attributed to the irregular journeys of 
the molecules amongst one another, which must in some cases lengthen 
and in other cases shorten the intervals at which the light-waves reach the 
eye, is excluded (1) by the amount of the effect (which is beyond what this 
cause could produce), and (2) by the circumstance that lines situated in the 
same region of the spectrum are variously expanded. _ 
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of the Interrupted Spectra of Gases. 1] 


siodic time, but that this period is exposed to perturbation when 
two molecules pass sufficiently close to one another, and that 
during the intervals between two perihelion passages 1t settles 
down towards its mean value (Phil. Mag. vol. xxxvi. (1868) 
_ 135). The perturbations, as a rule, seem to take place in 
both directions, some of them increasing and others of them di- 
minishing the periodic time; for in most gases the lines widen 
out in both directions on raising the temperature—that 1s, on 
rendering the molecular collisions more violent. But it some- 
times happens that the disturbed motion differs in character 
fyom the normal motion so sensibly that it gives rise to a some- 
what different pattern of spectrum. otf UASi 

19. For example, this occurs in the case of the principal lines, 
the D lines, of the sodium-spectrum. By introducing sodium- 
carbonate into a suitable part of the oxyhydrogen flame, the bright 
lines can be made to widen out to any desired amount; while 
the original positions of the lines are at the same time presented 
to the eye by the dark absorption-lines, or reversed spectrum as 
it is called, caused by the surrounding mantle of cooler sodium- 
vapour. In this way the-positions of the lines when narrow and 
when wide can be directly compared, and will be found to differ. 
In neither of the lines does the dark line lie in the middle of the 
bright band: in D, (the more refrangible one) it inclines towards 
the red end of the spectrum, and in Dj; (the less refrangible one) 
it inclines towards the blue. Hence the middles of the broad 
bands are further asunder than the narrow lines. 

20. A similar appearance is met with in the case of chloro- 
chromic anhydride. The eye can easily detect that the lines are 
not everywhere equally spaced, though the deviation of any one 
line from its calculated position is so slight that in the measures 
we have taken the amount cannot be separated from errors of 
observation. The middles of the lines appear to be displaced by 
small amounts, some to the left, others to the right. And since 
those parent motions in the molecules of the vapour whose pe- 
riodic times are somewhat longer than the normal amount must 
have a predominance in the formation of the lines that deviate 
towards the blue end of the spectrum, and vice versd, we can by 
this property distinguish between the lines which belong to mo- 
tions in the gas that are faster than, equal to, or slower than, 
those of normal period; and by treating each of the series of 
lines so obtained as in section III. of this paper, information as 
to the differences in the nature of the motion in these three 
cases may perhaps be attainable. : 

21. It is evident that we only need to obtain more accurate 
measures to be able, by applying the method described above in 
§ 9, to determine with precision by how much the periodic motion 
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of each line is in excess or falls short of the mean periodic tim | 
ei 


pose, the 628th harmonic of the fundamental motion, and if ag a 


is likely, its inverse wave-length be 1697-0 

: the ob d 
rather than 1697°3 (the calculated antes pit wall follow: @e 
this line arises mainly from motions with the period : 


EX020. T 
1697-0 2-6979° 


which is somewhat longer than the duration we have assigned * to 


the mean periodic ti 7 ee 
| periodic time, viz. 53-6984" It would thus seem pro- 


bable that this line is due princi ist . 
bab principally to those disturbed motions 
in the molecules of the vapour which continue cufigentty lod 
in a phase in which they have a periodic time about 1:0002 
times the normal periodic time. 

22. To this branch of the subject belongs also that shading 


between the lines which is occasioned by still wider departures - 


from the mean periodic time. This shadin 

laws intimately associated with the laws ie dee 
general pattern of the spectrum ; for we have noticed that mark d 
excesses and defects in the shading recur between the i : 
sponding lines of several successive sections of the pattern 'B - 
this is a part of the phenomenon to which we have not yet had 


time to give sufficient attention 
ere and w . 
tion it here. ? e therefore merely men- 


Section V. Conclusion. 


— 23. We think that our measure 

ures satisfactorily confir 
theory which was recently laid down by one of us as ts i 
cause of the lines which present themselves in the spectra of 
in and that we have ascertained with considerable precision 
me normal periodic time of one of the motions in the molecules 
of the vapour of chlorochromic anhydride at the temperat 
ae pressure of the atmosphere. | oa 

n reference to the other matters u 

pon which we have ven- 
tured to touch, the results at which. we have as yet ee 
Fe oa and less secure; and we have entered into them 
only so far as appeared necessary t 
ae p | ry to explain the methods we 


* See equation (3) above. . 


we consider th 


S yr 


Re 


the REPORT of the Bririsn Association for the ADVANCEMENT of 
Scrence for 1873. | 


Jp eRe en ene eso Measen enon se Smee sae e ee 


EFrom 


First Report of the Commitiee for the Selection and Nomenclature of 


Dynamical and Electrical Units, the Committee consisting of Sir 
Ww. Tuomson, Professor G. C. Foster, Professor J. C. MaxweE Lt, 
Mr. G. J. Stoney, Professor FLEEMING JENKIN, Dr. SIEMENS, Mr. 
fF. J. BRAMWELL, and Professor Everett (Reporter). 


at the most urgent portion of the task intrusted to us is that 


which concerns the selection and nomenclature of units of force and energy ; 


and under this head we are prepared to offer a definite recommendation. 


A more extensive and difficult part of our duty is the selection and nomen- 
clature of electrical and magnetic units. Under this head we are prepared with 
4 definite recommendation as regards selection, but with only an interim 
ecommendation as regards nomenclature. 

Up to the present time it has been necessary for every person who wishes 
to specity a magnitude in what is called “absolute” measure, to mention the 
three fundamental units of mass, length, and time which he has chosen as 
the basis of his system. _ This necessity will be obviated if one definite selec- 
tion of three fundamental, units be made once for all, and accepted by the 

eneral consent of scientific men. Weare strongly of opinion that such @ 
selection ought at once to be made, and to be so made that there will be no 
subsequent necessity for amending it. 

We think that, in the selection of each kind of derived unit, all arbitrary 
multiplications and divisions by powers of ten, or other factors, must be 
rigorously avoided, and the whole system of fundamental units of force, work, 
electrostatic, and electromagnetic elements must be fixed at one common 
level—_that level, namely, which is determined by direct derivation from the 
three fundamentel units once for all selected. 

The carrying out of this resolution involves the adoption of some units which 
are excessively large or excessively small in comparison with the magnitudes 
which occur in practice; but a remedy for this inconvenience is provided 
by a method of denoting decimal multiples and submultiples, which has 
already been extensively adopted, and which we desire to recommend for 
general use. 

On the initial question of the particular units of mass, length, and time to 
‘be recommended as the basis of the whole system, a protracted discussion has 
been carried on, the principal point discussed being the claims of the gramme, 
the metre, and the second, as against the gramme, the centimetre, and the . 
second,—the former combination having an advantage as regards the simpli- 
city of the name metre, while the latter combination has the advantage of 


' making the unit of mass practically identical with the mass of unit-volume 


of water—in other words, of making the value of the density of water prac- 
tically equal to unity. We are now all but unanimous in regarding this latter 





























> \ 


. 
f Xttetrexne 

asin Te: OT ST eens a9, a 

ie % Vapi imee zi ‘ 


= pre at 
APES YS 
Xs" ae 


Fee Fare 


See ES ee 


— 


SN ee 







































































































































































2 


element of simplicity as the more important of the two; and in sup 
this view we desire to quote the authority of Sir W. Thomson, who hag for 
long time insisted very strongly upon the necessity of employing units whi 
conform to this condition. | 

We accordingly recommend the general adoption of the Centimetre, { 
Gramme, and the Second as the three fundamental units ; and unti such tim 
as special names shall be appropriated to the units of electrical and magnet, 
magnitude hence derived, we recommend that they be distinguished from 
“absolute” units otherwise derived, by the letters “OC. G. 8.” prefixed, thege 
being the initial letters of the names of the three fundamental units. 

Special names, if short and suitable, would, in the opinion of a majority of 
us, be better than the provisional designations “CO. G. 8. unit of . "99 
Several lists of names have already been suggested ; and attentive considera. 
tion will be given to any further suggestions which we may receive from 
persons interested in electrical nomenclature. 

The ‘‘ ohm,” as represented by the original standard coil, is approximately 
10° C. G. 8. units of resistance; the “volt” is approximately 10° C.G,¢ 


units of electromotive force; and the “farad” is approximately - of thé! 


C.G.S. unit of capacity. 

For the expression of high decimal multiples and submultiples, we recom. 
mend the system introduced by Mr. Stoney, a system which has alread 
been extensively employed for electrical purposes. It consists in denoting 
the exponent of the power of 10, which serves as multiplier, by an appended 
cardinal number, if the exponent be positive, and by a prefixed ordinal 
number if the exponent be negative. ; 


Thus 10° grammes constitute a gramme-nine ; = of a gramme constitutes — 


a ninth-gramme ; the approximate length of a quadrant of one of the earth’s 
meridians is a metre-seven, or a centimetre-nine. ! 

For multiplication or division by a million, the prefixes mega * and micro 
may conveniently be employed, according to the present custom of electricians. 
Thus the megohm is a million ohms, and the microfarad is the millionth part 
ofa farad. The prefix mega is equivalent to the affix siz. The prefix micro 
is equivalent to the prefix si«th. : 

The prefixes kilo, hecto, deca, deci, centi, milli can also be employed in their 
usual senses before all new names of units. 

As regards the name to be given to the C. G. S. unit of force, we recom- 
mend that it be a derivative of the Greek dévayus. The form dynamy appears 
to be the most satisfactory to etymologists. Dynam is equally intelligible, 
but awkward in sound to English ears. ‘The shorter form, dyne, though not 
fashioned according to strict rules of etymology, will probably be generally 
preferred in this country. Bearing in mind that it is desirable to construct 
a system with a view to its becoming international, we think that the termi- 
nation of the word should for the present be left an open question. But we 
would earnestly request that, whichever form of the word be employed, its 
meaning be strictly limited to the unit of force of the C. G. 8. system—that 
is to say, the force which, acting upon a gramme of matter for a second, gene- 
rates a velocity of a centimetre per second. 

The ©. G. 8. unit of work is the work done by this force working through a 


centimetre ; and we propose to denote it by some derivative of the Greek 


* Before a vowel, either meg or megal, as euphony may suggest, may be employed 
instead of mega. 


port of 4 
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The forms ergon, ergal, and erg have been suggested ; but the second 


3 fe these has been used in a different sense by Clausius. In this case also we 


that 


q Bit 


i any P 


; ose, for the present, to leave the termination unsettled; and we request 

i the word ergon, or erg, be strictly limited to the C.G.S. unit of work, 

hat is, for purposes of measurement, equivalent to this, the C. G.S. 

of energy, energy being measured by the amount of work which it 

ts. 

ine C. G. 8. unit of power is the power of doing work at the rate of one erg 
yr second ; and the power of an engine, under given conditions of working, 
an be specified in ergs per second. : 

; For rough comparison with the vulgar (and variable) units based on ter- 


or W 


q restrial gravitation, the following statement will be useful :— 


The weight of a gramme, at any part of the earth’s surface, is about 980 
dynes, or tather less than a kilodyne. | 
The weight of a kilogramme is rather less than a megadyne, being about 
000 dynes. de 
Be cersely, the dyne is about 1:02 times the weight of a mlligramme at 
art of the earth’s surface; and the megadyne is about 1:02 times the 
ight of a kilogramme. ; } 
ihe ic ruimetr is rather less than the ergon-eight, being about 98 
illion ergs. ce 3 
the Fy mie centimetre is rather less than the kilerg, being about 980 ergs. 
For exact comparison, the value of g (the acceleration of a body falling an 
vacuo) at the station considered must of course be known. In the above 
comparisons it is taken as 980 C. G.S. units of acceleration. | 
One horse-power is about three quarters of an erg-ten per second. More 
nearly, it is 7-46 erg-nines per second, and one force-de-cheval is 7°36 erg-nunes 
r second. ; 
“ The mechanical equivalent of one gramme-degree (Centigrade) of heat 1s 
41:6 megalergs, or 41,600,000 ergs. 


APPENDIX. 


Mr. Stoney has requested the insertion of the following extract from one 
of his letters, written subsequently to the presentation of the foregoing 
y Would you oblige me very much by putting on record, either in the 
Report or as a footnote to it, that the centimetre was recommended as the 
unit of length against my earnest remonstrance, and that I am in no degree 
responsible for this decision. I would be glad to have the objections I urged 
against it stated also. They were, ‘that it is far too small, and that its moul- 
tiples and submultiples cannot be briefly designated. From its being too 


q small, it, in conjunction with the gramme and second, lands us in quite 


out-of-the-way mechanical units—the unit of force which results being but 
little more than the pressure of a milligramme, and the unit of work being 
but little more than the hundred thousandth part of a grammetre. This 
I deem a very serious objection.’ 

“T still think that these awkward consequences, and the footing which 
the metre has already gained in science, will prove fatal to the recommenda- 
tion of the Committee, and that experience will show that the metre must in 
the end be accepted as the standard unit of length.” 
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" qv. “On Harmonic Ratios in the Spectra of Gases.” By ARTHUR 
: ScHUSTER, Ph.D., F.R.S. Received January 10, 1881. 


It would be a matter of the greatest importance if we could dis- 
cover an empirical law connecting together the different periods of 
vibration in which we know one and the same molecule to be capable 
of swinging. According to the most simple supposition the vibrations. 
might be harmonical overtones of one fundamental note. Various. 
attempts have been made to prove that such indeed is the case, and 
that the wave-lengths of different spectral lines bear to each other the 
ratio of two comparatively small integer numbers. M. Lecoq de: 
Boisbaudran and Professor Johnstone Stoney, especially, have dis- 
cussed this question; the wave-lengths used by the former do not 
possess the accuracy necessary for a final settlement of the point, but 
Professor Stoney has, in the case of hydrogen, shown that three out of 
the four lines in the visible part of the spectrum have wave-lengths,. 
which, to a high degree of accuracy, are in the ratios of 20 : 27 : 382. 

I have occupied myself at various times during the last ten years. 
with this question, and have naturally accumulated a large quantity 
of material. About three years ago, however, I came to the con- 
clusion that only a systematic investigation could lead to a decisive 
result. In any spectrum containing a large number of lines, it is. 
clear that, owing to accidental coincidences, we shall always be able to 
find ratios which agree very closely with the ratios of small integer 
numbers. We can, however, by means of the theory of probability, 
calculate the number of such coincidences which we might expect to 
find on the supposition that no real law exists, and that all the lines. 
are distributed at random throughout the whole range of the visible 
spectrum. If, on calculating out all fractions which can be formed in 
a spectrum by any pair of lines, the number of ratios, agreeing within 
certain limits with ratios of integer numbers, greatly exceeds the most 
probable number, we should have reason to suppose that the lines are 
not distributed at random, but that the law suggested by Messrs.. 
Lecog de Boisbaudran and Stoney is a true one. 

I have been engaged during the last three years in discussing some 
of the spectra in the manner indicated, and I now wish to lay the 
results of the investigation before the Royal Society. I took the 
spectra of the following elements; the numbers in brackets indicate: 
the number of lines for each body :— 
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I have only taken such lines as are found on Angstrém’s map, 
and I have compared the ratios of any two lines with the ratios of 
integer numbers smaller than 100. These latter ratios were calculated 
out to six decimal places, and arranged in order of magnitude in a 


table, to which I shall refer as the Auxiliary Table. I have adopted — 


two methods of comparison. The first is best explained by an 
example. The wave-length of the less refrangible of the two yellow- 
ish-green sodium lines divided by the wave-length of the less refran- 
gible of the two yellow lines gave the ratio ‘964760 

On referring to the Auxiliary Table we find that this ratio 
lies between "964912 
"964706 


The difference between these two fractions being 000206 
The difference of the fraction in the sodium spectrum with ~ 

the nearest fraction of integer number is 000054: 
The ratio of these two differences 54+-206 is found 262 


Similar ratios were formed for all possible fractions in the sodium 
spectrum. Now, if the lines in spectra are distributed at random, we 
should expect the ratio of the two differences to range indis- 
criminately between 0 and ‘5; the mean of all of them coming near 
“25, If, on the other hand, the law of harmonic ratios is a true one, 
we should expect a greater number of small fractions, and hence the 
mean should be smaller than °25. The results are given in Table I. 
The second column gives the numbers of fractions for each spectrum, 
and the third the mean values obtained, which, as mentioned, ought 
to be near ‘25, if the lines are distributed at random. 


Table I. 


Number of Mean value 


Element. fractions. of ratios. 


Magnesium ..:..... *2626 
| Sodium . "2399 
(OL 0) ESA Rises Gnd Geo 2430 
HEED ATL ULI shapes occlats savaliel "2592 
OMe ere cio se siarras 25138 


Meéanth ii "2514 


Nothing could be more decisive against the law of harmonic ratios 
than this table; three out of the five elements considered, including 
the two containing the greatest number of lines, give a mean value 
greater than °25. | 

In order to see how near to this value we should expect the mean to 
come if no law connects the different lines, I have given the probable 
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deviation from °25 in the fourth column. The term probable in pro- 
pable deviation is here used in the same sense as in “‘ probable error.’” 
It has been calculated by means of the approximate formula— 


Seis : Bs Bi 
Wee 250 
where a='25, 
s==the number of lines in each spectrum, 


py is the probability that the mean value lies between + 6; for p equal 
40 one-half, 6 is the probable deviation. 

It will be noticed that the actual deviation never differs much from 
the probable one, but that it is greater for the two elements having the 
greatest number of lines. If, therefore, any deduction is to be drawn 
from the preceding table, it is that the ratios formed by two given 
lines rather seem to avoid harmonic ratios. 

The method just explained, and which has given us such decidedly 
negative results, I believe to be very well adapted for the discussion 
of spectra which have a comparatively small number of lines; but 
the iron spectrum may be examined by a more direct and complete 
method. We may directly calculate how many fractions ought to 
agree within certain small limits with harmonic ratios if no law exists, 
and counting how many do thus coincide. I have found, for instance, 
twenty-eight pairs of lines which coincide within limits so narrow 
that they can be easily due to errors of measurements with fractions, 
the denominator and numerator of which are both smaller than 10. 
This number might appear large at first sight, and some support for 
the law of harmonic ratios might be derived from it. But the cal- 
culation gives the larger number 32 as the one we ought to expect, if 
all the lines were distributed at random; so that here, also, the frac- 
tions seem to avoid rather the harmonic ratios. 

A little difficulty is experienced in fixing the limits within which 
we may consider a coincidence to have taken place. They must 
depend, of course, on the accuracy which we assign to Angstrém’s 
measurements. 

I thought it best to work out the results with two different limits, 
one of which was half as large agai as the other. We gain a decided 
advantage in classifying the results for two limits. It is in fact 
equivalent to using a third method of discussion, for supposing the 
spectral lines to be distributed at random, the number of coincidences 
found should be proportioned to the limits chosen. If, on the other 
hand, the law of harmonic ratios is correct, the narrower limit should 
relatively show the greater number of coincidences. The limits taken. 
were— 


| + -0000505. 
and + -0000755. 
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so that two lines were said to have the ratio of 3: 4, for instance, if in 
the first case the ratio lay between °7500505 and -74995195, and 
similarly for the second limit. 

If the measurement of the least refrangible line is correct, an error 
of 1 in 20,000 made in the measurement of the most refrangible line 
would correspond to the narrower limit. | 

The results are given in Table II. In the first row all fractions 
were taken into account the denominator of which is smaller than 
10; in the second row, the denominator is between 10 and 20, and 
so on, for the other rows. The columns headed “ calculated,” give 
the number of coincidences which we should expect on the supposi- 
tion that the lines are distributed at random. The formula employed 
will be proved in the Appendix. 


Table IT. 


Limits + :0000505. Limits + *0000755. 


Observed. Calculated. Observed. Calculated. 


48 52 
180 206 
329 363 

521 
679 
837 
968 
896 
629 
241 


5392 


At first sight the result seems again decidedly against the theory of 
harmonic ratios. For all fractions with denominator smaller than 70, 
the calculated coincidences are in excess of the observed ones. There 
Seems, however, to be a greater number of ratios than we should 
expect, which agree nearly with fractions, the denominators of which 
lie between 70 and 100. 


If we compare the results given for the two different limits, we ° 


find that the smaller limit gives results decidedly more favourable to 
the theory than the larger ones, and that, as has been explained, is an 
important fact which cannot be left out of account. In the following 
Table (III), I have compared the number of coincidences for the 
smaller limit with those calculated from the larger ‘one, on the sup- 


position that the coincidences are proportional to the limits, as they , 


ought to be if no connexion exists between different lines of the same 
spectrum. It will be seen, that with the exception of two cases, one 
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of which is very insignificant, the number of coincidences for the 


-_ gmailler limits is in excess. 


Table III. 


Observed for Calculated from 
smaller limit. larger limit. 


The fact that the number of coincidences, though falling short of 
the calculated values for both limits, is relatively greater for the 
smaller, suggests the possibility that still narrower limits might give 
results which are still more favourable to the theory of harmonic 
ratios. This indeed is the case. I have counted for all fractions, the 
denominator of which is smaller than 30, the number of coincidences 
for a series of 8 limits. The results are embodied in Table IV, and 
show that there is a tendency of the fractions to aggregate into the 
compartments for smaller limits. With the exception of the first and 
last numbers, there is a gradual decrease of coincidences as we 
vecede from the harmonic ratios. 


Table LNs 


Limits + °0000. Number of coincidences. 
000—095 

095—195 

195—205 

295—395 

395—495 — 

495—595 

595—695 

695—755 


‘We have now to reconcile two apparently opposite results of our 
calculations. On the one hand it was found that the coincidences 
with harmonic ratios are fewer than we should expect from the theory 
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of probability, and on the other hand the results obtained with 
different limits showed that the smallest always gave the most favour.. 
able result. The regularity with which this latter fact appears in 
Tables III and IV, proves it not to be accidental, and if not 
accidental, it can only mean that the law of harmonic ratios is at 
least partially a true law. 
- The following explanation has occurred to me as possibly account- 
ing for the facts. We may suppose the harmonic ratios really to: 
exist in appreciable numbers, but to be chiefly confined to fractions, 
the denominator and numerator of which are larger than those we. 
have taken into account. The fractions, for instance, formed by 
integers between 100 and 200, if arranged in order of magnitude 
in our auxiliary tables, would fall generally about midway between 
the fractions formed by the smaller numbers. Any coincidence with 
the fractions formed by the higher numbers would reduce the number 
of possible coincidences with the fractions formed by the smaller 
numbers, and hence we should have the effect which actually exists, 
of a number of coincidences smaller than that given by the theory of 
probability. If, now, in addition to these coincidences with fractions 
formed by higher numbers, we should have a small quantity of real 
coincidences with the fractions which we have taken into account, the 
increased quantity of coincidences for small limits over those of larger 
imi uld. be explained. | 
ae Manisha Caishe be supported by the fact that, for fractions 
formed by numbers between 70 and 100, the coincidences observed are 
more numerous than those calculated on the supposition that the lines 
are all distributed at random. It must, however, be remarked that a 
similar effect might be produced, if any unknown law existed, con- 
necting the lines together, a law which in special cases reduced itself 
to a law of harmonic ratios. 


That some Jaw hitherto undiscovered exists I have no doubt, for 


just in the cases where we have reason to suppose that different lines 


ibrati incidences. 
belong to one system of vibration, we cannot find any co 


with harmonic ratios. The lines of sodium, for instance, are all 


double; yet in the set of lines given by Thalén the two components. 


approach each other much more rapidly as we pass to the more re- 
frangible end of the spectrum than they would if the lines were con- 
need together by the harmonic law. In the additional sets described 


by Professors Liveing and Dewar no regularity exists in the distance: 


of the two components. 


A similar remark applies to the four triplets of magnesium lines. 
The triplets resemble each other in so far as the middle line is always 


nearest to the most refrangible line; but the resemblance is only a 


ceneral one. and there is no absolute relation between the relative: 
oO y) : 


distances in each triplet. 
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Taking all these considerations into account, the following seems to: 
me to be a fair summary of my results for the iron spectrum :— 

1. There rs a real cause acting in a direction opposed to the law of 
harmonic ratios, so far as fractions formed by numbers smaller than 


seventy are concerned. 


2. After elimination of the first cause a tendency appears for fractions 
formed by two lines to cluster round harmonic ratios, 

3. Most probably some law hitherto undiscovered exists, which in special 
cases resolves itself into the law of harmonic ratios. | 

The subject is of sufficient importance to make further investigation: 
desirable. We might, for instance, confirm the laws which we have 
found to hold in the iron spectrum by treating in the same way some: 
other spectrum having many lines, as those of manganese of calcium, 
But it seems to me to be more promising to increase the accuracy of 
measurement in the special cases where harmonic ratios have been. 
found. ‘There are, for instance, two lines in the iron spectrum which 
are in the ratio of 2:3. By using a diffraction grating we might test 
this coincidence to a great degree of accuracy by seeing how far the 
more refrangible line in the third spectrum coincides with the less re- 
frangible line in the second spectrum. Account, of course, must be: 
taken of atmospheric refraction; reflecting surfaces only ought to be 
used. I hope to try this plan before long, but in order that others 
might have the same opportunity, I append a list of all lines which 
are nearly in the ratio of some fraction formed by integer numbers 
smaller than ten. | 

Angstrém’s numbers corrected for atmospheric refraction are used. 
The table explains itself, but it is perhaps wise to remark again that 
the number of these coincidences is not larger than one would expect 


by the theory of probability, and that therefore all of them may prove 
to be accidental. 


POS lis aed “ak Gal Lala cA 
Fraction. Calculated. Observed. Difference. 
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6009°33 
5603°40 
559888 
5576°59 
5340°82 
6302°4:7 
5430°47 
5340°82 
526407 
5227°85 
519327 
6231°66 
6003°91 
5987°99 
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4006°22 | 


4202°55 
4199°16 


- 4182°44 


4005°62 
5041°98 


. 4344°38 


4.2'72°66 
4.211°26 
4.182°28 
415462 
5193-05 
5003°26 
4989-99 


4.006°03 
4202°74 
4199°16 
4182°53 
4006°03 
5041°67 
43.4433 
4:2'72; 54 
4211°09 
4182°53 
415496 
5193°27 
5003°50 
4989°85 




















5169°93 
6137°53 
5430°47 
5284: 27 
5140-20 
6137°53 
6066°38 
5383°99 
5271°06 
598466 
5447°57 
5372°16 
5341°85 
5328°90 
6003°91 
6009°33 
5616°24 
4633°4:7 
619245 
5603°40 
4692°02 
4170792 
4'787°23 
5233°71 


Fraction. 
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Calculated. 


430828 
4383°95 
4654: 69 
4529°37 
4405°89 
5370°34 
5308°08 
4710°99 
4612°18 
4654°74 
4237-00 
4178°35 
415 4°77 
41 44°70 
4202°74 
5341°63 
4.992'24: 
4118°64: 
5573°21 
5043°06 
42.22°82 


- 4237°13 


4308°51 
4710°34: 
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Observed. 


4308°45 
438404 
4.6549 

4529°35 


44.0550 - 


5370°66 
5308°11 


4'710°80 ~ 


4612°08 
4654°9 

4236°75 
4178°28 
41 54°96 
4:1 4.4°30 
4202°74: 
5341°85 
4991°89 
4118°94 
5573°35 
5042°71 
4.22288 
4236°75 
4308°45 
4710°80 
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Difference. 





The problem which we have to solve may be stated as follows :— 

Given a certain number of quantities distributed at random between 
two fixed limits; form the ratios between every pair of them, 
and find the expectancy for the number of these ratios which shall 
within certain small limits agree with a given fraction. In the first 
place, we remark that without detriment to the generality of the 
problem, we may assume the lower of the limits within which all the 
quantities are lying to be unity; for if it 1s not, we may by means of 
¢ common multiplier to all quantities reduce it to unity. 

Let « be the given fraction with which all the ratios are to be com- 
pared, and let A be the higher limit which none of the quantities 
shall exceed. Assume at first A to be smaller than the square of the 
reciprocal of « Divide the range A to 1 into two compartments ; 


the first from A to 1 and the second from 1 to 1. Let there be ¢ 
a 


a 
quantities which I shall call a,, a... in the first compartment ; and 
let there be 7 quantities b,, by, .. . in the second compartment. None 
of the quantities within one compartment can form amongst them- 
selves ratios which shall be closely coincident with w: say #6. 


¢ 
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. If there is only one quantity, a, in the first compartment, b is given 
by the equation— : is 


Hence, if there is only one 0 which can range between t and 1, and 
a 


must Tie between a (a@+6) and a (a—5), if there is a coincidence with 
the given fraction, the probability of such a coincidence ig 


Pad ~ 
oO 


T=2°* 


If there is more than one quantity, a, in the first compartment, we 
observe that these quantities may lie so near together that one a8 
the same 0 can have, within the limits within which we count coin- 
cidences, the required ratio with more than one of the quantities, a. If 
these quantities, however, are not sufficiently close together to Bae 
of any such double coincidence, the probability that one } should have 
the required ratio with one a is 


2a . 
1 — (4 + Og + eee Ct). 


Call the sum in brackets s;. 
If we drop the limitation that b should not possibly have at the same 
time the required ratio with more than one a, the expression just 
found will not anymore represent the probability of a single sine 
dence, but it will represent the expectancy for the coincidences. For 
in the most general case there is a certain range, A, within which b 
may lie in order to have the required ratio with one of the quantities 
a; there is a range, Aj, within which a double coincidence oa | 
happen, and so on: hence the expectancy for the coincidences is 


(A247 84, el 7, 


but the expression in brackets is always equal to 
268+, 


and hence the expression which we have found will represent the 
expectancy if there is only one quantity, 0; for r quantities it is 
200 ot 
1 


ere have hitherto supposed that the quantities, a, are at given fixed 
places, or that s; has a certain given value. Let prdst, be the proba- 
2c 2 
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bility that the suin of all the quantities, a, shall lie between s; ang 
set dst, then the whole expectancy is 


— a pis 40s te 


The integral represents the expectancy for the sum of ¢ quantities al] 


equally probable between Hand A, and this expectancy we know to 


s(A+s)/ 


Hence the required expression 1s— 
pe aca + : 
l—a 

In the actual case neither r nor ¢ are given, we only know their 
sum 2; hence we must add up a number of expressions of the form 
we ais found, varying 7 and #, and multiplying each with the prea 
bility that the particular distribution actually exists. 

The probability that there clo: be ¢ out of ~ values in the feet 
compartment is— 


be— 


GA—1)a): 
| thinst) bs, &(Aql)” 
giving t successively all values from 1 to n—1 we find for the whole 
 expectancy— 
Aa+tl 1 t=n—1 t(n—t)n! pee 1 ((1—a)"- 
(i= Ca) = ein 6)! Ey ) 
and adding up under the summation sign, the expression reduces to— 
ine Beotra, 5 
(A—1)? a 
which is the complete expectancy. 


We have assumed that A is not larger than the reciprocal of the 
square of « and we may now extend the formula to larger values 


of A. 


1 
Imagine a quantity B smaller than be and larger than - and let 
a” 


9 


A gradually increase from B to B Divide the whole range A to 1 into 


a 
two compartments, one from A to B and the second from B to 1, then 
ifa given number of quantities is in each conan, I can calcu- 
late the whole cep by knowing :— 
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1. The expectancy for the coincidences between two quantities in 


_ the second compartment. 


2. The expectancy for the coincidences betyresn one quantity in 
the first compartment and one in the second. 


Now A is supposed to increase gradually from a value smaller than 


1 1 
- to a value larger than at As long as it is smaller, the result must 


be the same as that we have previously obtained, but none of the 
quantities which enter into the calculation show any discontinuity, as 


A passes through the value ae and hence the formula cannot change 
; OS 


at that point and must be true as far as the value 1B or as B may be in 
(44 


_ 1 | 
ape limit equal to os we have exeutied our formula to all values of A 


. 1 Aa 
smaller than ot It can be further extended in the same way and 


must in fact be true for all values of A. 


Y. “ Dielectric Capacity of Liquids.” By J. Hopkinson, F.B.S. 
Y Received January 6, 1881. 


(Abstract.) 


‘These experiments have for object the determination of the refrac- 
tive indices and the specific inductive capacity of certain liquids, and 
a comparison of the square of the refractive index for long waves 
and the specific inductive capacity. 


In the following table are given the results obtained for refractive 


index for long waves deduced by the formula »= Hon +o the square 


Of Mo, and the observed values (CK). ofthe spb inductive 
capacity. 


Petroleum spirit (Field’s) 

Petroleum oil (Field’s) 
(Common) 

Orokeseit lubricating oil (Field’s) 

Turpentine (Commercial) 

Castor oil 

Sperm oil 

Olive oil 
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It will be seen that while for hydrocarbons ui =K, for animal ang 
vegetable oils it is not so. 


VI. “Note on the Occurrence of Ganglion Cells in the Anterior 
Roots of the Cat’s Spinal Nerves.” By E. A. Scuarmr, 
F.R.S. Received January 11, 1881. 


Ganglion cells are of constant occurrence among the nerve-fibres of 
the anterior roots of the cat’s spinal nerves. They are generally to be 
found in that part of the anterior root which passes by the ganglion 
which is seated upon the posterior root. They are not necessarily 
situated next the ganglion; but are often imbedded in the middle of 
the anterior root, or found lying along its anterior margin, and there- 
fore as far removed as possible from the ganglion upon the other 


root. Moreover, they sometimes occur in the anterior root before 


this has come in contact with the ganglion, just as isolated ganglion 
cells are occasionally to be found in the posterior root, some little 
distance on the spinal-cord side of its ganglion. The cells in question, 
although not in any sense numerous, are to be found in most longi- 
tudinal sections of the anterior roots, but they seem to be especially 
abundant in those of the lower dorsal and lumbar nerves. ‘They 
resemble on the whole very closely the ganglion cells in the spinal 


ganglion upon the sensory roots, but it has not hitherto been possible - 


to make out their mode of connexion with the nerve-fibres. 

I have sought in vain for ganglion cells in a similar situation in 
the nerve-roots of man, the dog, the rabbit, and the mouse. The 
evidence, therefore, appears to be against the existence of any relation 
between the occurrence of these cells in the anteriur root and the 
phenomenon of sensibility in that root, known as “recurrent sensa- 
tion,” for the latter has been observed in animals in which I have 
been entirely unable to detect the existence of the cells in question 
(e.g., the rabbit). 


VII. “On the Iron Lines. widened in Solar Spots.” By J. 
Norman Lockyer, F.R.S.. Received January 13, 1881. 


The observations put forward with reserve in my last communica- 
tion to the Society have now been confirmed. 

In the fine spots visible on, December 24th, January Ist and 6th, 
many lines in the spectrum of iron were seen contorted, while others 
were steady. 3 7 

The facts are given in the following table :—- 
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8 /x.—DESCRIPTION OF THE INSTRUMENTS AND PRO- 


CESSES EMPLOYED IN PHOTOGRAPHING ULTRA- 
VIOLET SPECTRA, spy W. N. HARTLEY, F.ps.£,, &e., 
Proressor oF Cuemistry, Roya CoLLeGce oF SCIENCE, DUBLIN. 
Piates 12, 13, 14, and 16. 


-[Read, April 11th, 1881.] 


INTRODUCTION. 


Tax first successful photographs of spectra were executed by M. 


Edouard Becquerel (Bibliothéque Universelle de Geneve, t. sell 
1842). Dr. J. W. Draper first photographed the sun’s spectrum 
with a ruled diffraction grating in 1843 (Philosophical Magazine, 
June, 1845, and March, 1857). The work thus commenced has 
been continued in late years by his son, Dr. Henry Draper, of 
New York. In the year 1852 it was discovered by Professor 


Stokes that quartz absorbs the ultra-violet rays less than glass, 


and in 1853, when experimenting previous to the delivery of a 


lecture at the Royal Institution, he found the length of the 


spectrum of electric light yielded by the powerful discharge of a 
Leyden jar and analysed by quartz apparatus, extended no less 
than six or eight times the length of the visible spectrum. The 
obscure rays were rendered visible by receiving them on a 
fluorescent sereen.—(“ On the Change of Refrangibility of Light,” 
Phil. Trans., 1852, and“ On the Long Spectrum of Electric Light, ’ 
Phil. Trans., 1863). Professor Stokes studied the ultra-violet 
spectra of metals and executed drawings of the lines exhibited by 


aluminium, zinc and cadmium. He discovered the fact that — 


certain solutions show light and dark bands in the spectra of rays 
transmitted by them, the solutions being colourless the bands are 


invisible unless they fall upon a fluorescent screen. The late Dr. 


W. A. Miller, of King’s College, London, in 1863, simultaneously 


" with Professor Stokes, described his method of examining the 


photographic transparency of various saline solutions and organic 
substances, and of depicting metallic spectra. A sensitised photo- 
graphic plate was used for the reception of the rays of the spec- 
trum, sothat they were made to register their own position and 
intensity by means of chemicalaction. The photographed spectra 
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of many metallic elements were reproduced by mezzo-tint engravin 
and can be seen in the Philosophical Transactions, Part I., 1863 
and also in the J ournal of the Chemical Society, 1864. Havin 
compared the engravings with the original negatives and with 
prints taken therefrom I can testify to their being faithful repre- 
sentations, but the character of the metallic lines is wanting in 
delicacy of detail and sharpness, such as we are accustomed to see 
in the visible spectrum. The reason of this will be explained 
further on. The photographic process was carried out with 
films of plain iodized collodion and a nitrate of silver bath 
occasionally a bromo-iodized collodion was used, the developer 
being pyrogallic acid. 

M. Mascart has examined the ultra-violet portion of the solar 
spectrum by means of photography, and has given us a drawing 
of a normal spectrum extending beyond H (Annales de I’Ecole 


Normale, 1864). By the use of gratings engraved on glass by - 


n i ae , 
M. Nobert, and prisms of Iceland spar, he has made measurementy 


of the wave-lengths of the ultra-violet solar rays as well as of the 


lines of cadmium, the spectrum of this metal being remarkable for 
the range beyond H, to which its rays extend. 

There is a regular diminution in wave-length from the solar 
line H, A=396 to 221-7 the extreme line of cadmium. Jt is 
remarkable that the shortest wave-length measured 221-7, 
together with the longest visible undulation, A, A=760 consti- 
tutes with the intermediate vibrations a scale extending nearly 
two octaves. (Annales de l’Ecole Normale, 1867.) 

Inthe accompanying table the wave-length of the ultra-violet 
lines of cadmium as measured by M. Mascart are given. Frequent 
reference will be made to these measurements, 


Wave-length of lines in that part of the spectrum of cadmium more 
| refranguble than the solar line H. 


Numbers of reference Numbers of reference 
to Cadmium lines, to Cadmium lines. 


8 . + 898-56 | 15 Het 

9 . 860-75 16 oh fais 
Of sretecne ¢, 846745 17 3 
11 ca BA080, 18 257 49 
12 OE MSI 875 23 SO OST Bg 
13 aa 24 . 926-56 
VA Gaduacs or 25 su (DQG 


W ave-length. _ Wave-length. 
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Dr. Henry Draper was the first who obtained completely suc- 
cessful photographs of the sun’s spectrum. He succeeded on one 
occasion in photographing on one plate the rays extending from 
near h (wave-length 516-7) to T (wave-length 303-2). The 
spectrum was produced by means of a very perfect ruled glass 
grating made by Mr. M. L. Rutherford of New York. The jaws 
of the spectroscope slit were made of steel and were moveable 
by a micrometer screw, the width of the slit used was ztoth of 
an inch. 

In order to obtain a spectrum of uniform character for rays of 
all refrangibilities, parts of the sensitised plate were protected by 
» series of diaphragms, during exposure for faint groups of rays ; 
by the removal of these as intervals the strong rays were photo- 
eraphed with a distinctness which could not otherwise have been 
obtained. The sensitive plates used were prepared with bromo- 
sodized collodion and sensitised with a nitrate of silver bath. 

Dr. Draper's fine photographs show how impossible it. is to 
depict the relative intensities of lines in the spectrum by any 
other means than photography, and how groups of lines even 
may fail to be resolved. In fact as he states “ The exact convpo- 
sition of even a part of the spectrum of a metal will not be known 
until we have obtained photographs of it on a large scale.” 

Dr. Draper comments on the unsatisfactory nature of Miller’s 
photographs in the following words :— 

“JT have also tried to utilize the photographic spectra of the late W. 
A. Miller, published in the Philosophical Transactions for 1862, but for 
some reason, probably insufficient intensity of the condensed induction 
spark, his pictures do not bring out the peculiarities of the various 
metals in the striking manner that is both necessary and attainable.”"— 
(“ On. Diffraction Spectrum Photography and the Determination. of the » 
Wave-lengths of the Ultra- Violet Rays.” —‘‘ Nature,” 1874, Vol. X1., 
p. 224. | : ; i Nand is 

M. Cornu has given a description of the solar spectrum from 
the line called A to the ray O, and has drawn a beautiful map — 
made to the scale of wave-lengths.—(Annales de I’Ecole Normale, 
1874). The spectra were observed by photography in a manner 
similar to that devised by M. Mascart, but as the optical appara- 
tus was made of glass all rays more refrangible than O (wave- 
leneth =344-11) were intercepted. In continuation of his experi- 
ments (Annales de Ecole Normale, 1880,) using more perfect lenses 
of quartz and Iceland spar as well as prisms of these materials, 
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1 M. Cornu has succeeded in photographing the solar spectrum ag 


far as a line called W (wavelength = 29484). The photo- 
graphs were executed with bromo-iodized collodion and ferrous 


Although the form of apparatus employed by me has been 


description has ever been published, partly by reason of the fact 


that until the summer of 1879 only a temporary arrangement | 


| sulphate developer. Comparing the spectrum with that of the 
was made use of, and it was considered probable that further 


shown to those especially interested in the subject, yet no detailed 
a 
solar rays, it was found that the incandescence of the metal caused i 3 








ee | pt 5 a ° » a 
| | by the action of fifty-five Bunsen’s elements was much more > improvements might be effected. Constant use, however, has | 
Hi intense than sunlight. The lines in the spectrum thus observed cad shown that practically it leaves nothing to be desired. 


ia As an introduction to the publication of a series of photographs | 1 
of metallic and other spectra the description of the apparatus is 


most appropriate. \ 


i were for the most part coincident with the solar rays L, M, N, O, 
| | | P, Q, S., T, and U, their identity was easily recognised. The 
Al ray R is due to calcium, while other important lines belong to 














cularly if lenses of thirty-six inches focus be used, should be firmly | 
fixed by means of screws to prevent the shifting of any part, since | 
the proper adjustment of the whole takes some time. The coil | 
is excited by a battery of five Grove’s cells. The Leyden jar is | 
of such a size that each surface of tinfoil measures seventy-two / 
square inches. So far the general arrangement is that used by zt! 
Miller and others, the most important difference lies in the details ‘yl 
of construction of the camera. | _ 


I was then led to the examination of colourless solutions in the 

| manner described by Miller. The original apparatus used by 

| him was reconstructed and the best means of obtaining good 

results was the subject altogether of several years investigation 

| Various difficulties and interruptions prevented a definite line of 
| 


| : | nickel, aluminium, magnesium and titanium. _ The instruments employed are the following :—First, an induc- Tt 
! | | | M. Cornu ascertained the wave-length of the iron lines and. ° — 4 : tion coil guaranteed to give a five to six inch spark in air, con- 1] 
| lines in the solar spectrum by taking photographs with a Nobert's za nected with a Leyden jar, for the production of an unbroken q mS 
All grating ruled on quartz. a. stream of dense sparks between metallic electrodes. Second, a if 
nN i | In the year 1872, I was engaged in making observations on the ul collimator tube ranging from fifteen to thirty-six inches in length | | 
il | absorption spectra of saline solutions with a view to elucidating “7 at the end of which is a quartz lens. Third, a quartz prism q] 
|| the nature of their constitution—(Proceedings of the Royal — oy capable of being placed at the minimum angle of deviation for any : 
| | Society, vol. xxii, p. 241. Proceedings of the Royal Institution. : particular ray. Fourth, another quartz lens and the body of a i 
Wa | On the action of Heat on Coloured Liquids. A Friday Evening q ey photographic camera capable of being extended to the full focal | ih 

| Lecture, April, 1875.) 1 a length of the lens. The separate portions of the apparatus parti- | i 

| oe il 

| ! 





research being commenced until the close of the year 1877. 
my Ie) At this time I devised a method of photographing the ultra- 
Ae violet spectra of metals, including on one plate, accurately 
a focussed and sharp impressions of all lines lying between the DESCRIPTION OF THE PHOTOGRAPHIC CAMERA.—Two cameras i 
3 | least and the most refrangible rays capable of acting on bromide oo have been in use—one designed for photographing with one quartz | 
ny | of silver. The photographs of Dr. Miller which are the only as prism and lenses of thirty-six inches focal length (vide Plates 12- 
4 | spectra of the ultra-violet region that have hitherto been > 15), the smaller one adjustible for lenses of nine to seventeen inches | 
| 


| | published were executed with too wide a slit and are defective os - focus to which prisms of various refractive and dispersive powers 
ill in being almost entirely out of focus.* ) a | can be adjusted and with which two or more prisms can be used | 
| he by an alteration in the prism-table. This latter instrument 


differs from the former chiefly in details allowing of very accurate 

















| 

( | * Tam not unmindful of the fact that Mr. Norman Lockyer on January 7th, 1875 
it (Proceedings of the Royal Society), described a new map of the solar spectrum, which he 
| i was preparing by the aid of enlarged photographs, nor that Mr. Rand Capron has pub- 
lished a number of excellent photographs of metallic spectra, but in neither case are rays 
included with a greater refrangibility than A = 390.—(Photographed Spectra, by J. 


adjustments, and of great adaptability in the collimator-tube, the: | 
Rand Capron r.R.A.s., Spon. & Co., London). Lockyer, Phil. Trans., Vol. 164, pp. 484, a , | 


prism table and the camera-body so that the requirements of the’ 








805, 1874. 
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optical parts of different construction would render unnecessary 
any great alteration in the apparatus. 


- Principles of Construction.—I will first describe the principle — 


that guided me in the construction of these cameras, and after- 
wards describe their parts in detail. In working with the ultra- 
violet. spectrum we have to take into account an effect due to 
the linear dispersion caused by the lenses. This is comparatively 
inappreciable, or at any rate so small, that in photographing the 
visible spectrum it can readily be corrected by the ordinary 


“side swing” of the back of a well-made photographic camera. — 


To the original instrument used by Miller there was no “swing 
back,” so that the focussing screen and photographic plate were 
placed at right angles to the ray which passed through the centre 
of lens. Hence, only this one ray could be properly focussed in 
any position which could be given to the photographic plate. 
It was found by experiment with a lens of thirty-six inches focal 


length for the line D, that the difference in focal length between | 


this and one of the most refrangible rays of cadmium, namely— 
line 25 was about six inches. The focussing screen, therefore, 
was placed at such an angle that a mean position was secured for 
all rays lying between the two extremities of the cadmium 
spectrum. Having regard to what Professor Stokes has said on 
the subject, it was scarcely to be expected that the lines would 
all be perfectly im focus. 


“On account of the increasing refraction by the lens of rays of 


increasing refrangibility, the locus of the foci of the different rays 
formed an arc of a curve, or nearly a straight line, lying very obliquely 
to the axles of the pencils coming through the lens.”—(Phil. Trans., 


1863, p. 605.) 


_ Experiment, however, has proved that the locus of the foci le 
so nearly in a straight line of that part of the prismatic spectrum 


which acts on a photographic plate, that the slightest curvature | 


caused by the pressure of the spring which holds the plate in 
position in the dark slide is sufficient: to throw the lines consider- 
ably out of focus. Ui ertin : 

In January, 1878, a paper by M. Sarasin was published 
(« Archives des Sciences Physique et Naturelles, Geneva,” vol. Ixi., 
p. 109), giving the result of his determination of the refraction 
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indices of quartz for the ordinary and extraordinary rays in the 
ultra-violet spectrum. | 7 hs fis 
By the aid of a table which he gives it is possible to calculate 
the position that a photographic plate should take in order that 
any particular ray may be in focus. For future reference I quote 
this table in full— : : 


Co-efficients necessary for the determination of the focal length of a quartz 
lens for the ultra-violet rays of cadmium, its focal length Jor the ray 
D being known. : we | 
Numbers referring | Numbers referring 
to the lines of @orefiicients, to the lines of 


Cadmium Zinc and Cadmium Zinc and 
Aluminium. : Aluminium, | 


9 A 00687 she | | 08707 


Co-efficients. _ 





JI 
12 
IY 


0:9590 
0-9531 
0-9262 


10 Ve 0-9612 08632 


0°8561 
0:8498 
0°8429 


-0°8363 


18 geri te OOO LAALS | 
23 . - 0-8863 | Ts )orga4s * 
i vee 0°8803 i 08062 
Lhe focal length of the lens for the line D to be multiplied by the co- 
efficient opposite the ray, the focal distance of which is required to be 
known. | | 
From this it may be ascertained that the focal distance for a 
36-inch lens would, for the cadmiuia line 25, be 31:3 inches, and 
for a 15-inch lens 13 inches. | | 
The angle, however, at which the plate must be placed to secure 
a good photograph is a resultant of the refraction and dispersion of 
the prism, and focal length of the lens. Of the three diactinic 
materials of which I have had prisms constructed, Iceland spar 
gives greatest dispersion, quartz next, and water least. In figures 
A and B, Plate 15,is given a sketch of the relative positions actually 
assumed by the collimator tube and photographic plate when 
accurately focussed, the optical train consisting of a pair of 15- 
inch lenses, and one prism, with an angle of 60° made of water 
and quartz respectively in the two cases. One water prism is 
practically of no use for obtaining fine photographs, because the 
rays strike the sensitised plate so obliquely by reason of their 
running so nearly parallel to it that the Images they produce 
after passing into the sensitive film, instead of consisting of 
sharply defined lines, take the form of exceedingly narrow bands, 
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_which have the appearance of a line and a shadow beside it. A 
train of four or six water prisms, no doubt would remedy this 
by giving increased dispersion to the rays; but a longer exposure 
of the photographic plate would be necessary, on account of the 
strength of the rays being diminished by reflection from the many 
surfaces uf quartz of een the sides of the prisms are made, and 
the apparatus would be complicated by the multiplicity of 
prisms. 

For several reasons I prefer to employ quartz prisms. In order 


to ascertain the position of the plate with regard to the ray of 


mean refrangibility, a calculation based on the refractive power 
of the prism, for one of the ultra-violet lines of cadmium, as for 
instance line 17, as well as the focal length of the lens for this 


ray as compared with those constants for the line D, gives us — 


roughly what is afterwards determined more accurately by 
experiment. 

With a quartz prism of 60°, the angle which that half of the 
plate on which lies the most refrangible part of the spectrum 
must make with the direction of the mean ray, varies between 
19° and 21°, with lenses of 15 and 36 inches focus. The camera 
back is therefore constructed so as ordinarily to take up this 
position, but it is made to swing on a vertical pivot exactly 
situated at its centre. The centre of this pivot is in the same 
vertical plane as the centre and front surface of the focussing 
screen, which again, as is usual, comespqnds with that of he 
photographic inte: 

It follows from this that ifany particular ray situated at the cen- 
tre of the plate be accurately focussed no alteration in the inclina- 
tion of the plate will displace this line. The mean ray of cadmium is 
the line 17, and the first thing to be done in adjusting the camera 
is to place the prism at the Giclee of minimum deviation for this 
ray, then the ray is brought into the centre of the focussing 
screen and-carefully focussed by a backward or forward motion 
of the camera body communicated by the focussing screw. After 
this the “ side-swing”’ enables the extreme of both ends of the 
spectrum to be brought into focus. Nothing more then remains 
to be done but to clamp the camera-body in position. 

— Detarls of construction of the camera for lenses of long focus. 
—In Plates 12 to 15 the elevation and plan of this instru- 
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ment are seen. The body consists of two parts supported on a 
wooden stand. The portion M (Plates 12,13)is a rigid shallow box, 
in the front.of which is the lens in its fitting N. The portion ofthe 
body L, a continuation of M, is triangular in form and moveable in 
two directions. Itis made to approach or recede from the lens by 
the screw K, and to make a greater or lesser angle with the direc- 
tion of the mean ray X—6 by turning on the vertical pivot, the 
centre of which is situated at x The two portions of the camera 
are united by a bellows-body of leather of about three inches in 
length which admits of sufficient play for all the purposes of 
focussing. The sensitised surface of the glass plate when in 
position is indicated by the dotted line a—f8. The screws N, N, 
_ serve to clamp the “swing-back” of the camera in position. 

It will be seen in the elevation that the camera-body is raised 
on supports above the flat stand, but that the camera-back, 
into which fits the dark-slide, is continuous above and below the 
camera-body. This arrangement enables one to obtain several 
photographs on one plate by moving down the frame carrying 
the dark slide by means of a rack and pinion. Thus in the elevation 
of the camera-back which is open C—c (Plate 14)1s the moveable 
_ frame work, D — d is the dark slide, B B are the thumb screws, 
and b the pinion which works in the rack on the front edge of 
the dark slide. The interior of the dark slide with wires for 
holding the corners of the sensitive plate are shown by G, 9g; 
while H, h, is the slit in the camera-back through which the 
spectrum is projected. E and F represent the door at back and 
the sliding front of dark slide respectively. In the elevation an 
opening I, 7 (Plate 12), in the body of the camera, and door tothe ~ 
same J through which is seen the slit H, h, by which the spectrum | 
passes to the sensitised plate. In the act of focussing, a glass plate 
covered with some fluorescent substance, is placed in the dark 
slide and the lines of the spectrum are viewed by reflection from 
its surface by looking through the opening I; 2. 

This is the most convenient way of viewing the ultra-violet 
rays, as the coloured spectrum and the obscure rays are visible at 
the same time. 

The arrangement of prism and collimator tube, the former when 
uncovered is shown in the elevation of the same. P (Plate 
15) is the prism, S the aperture for the ordinary rays, T 
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the revolving prism-table, U the clamping screw for fastening the 
table when the angle of minimum deviation is obtained for the 
cadmium line 17.. V is acap to the collimator tube for exclud- 
ing rays of strong light. Over this cap the prism-box is fitted 
havine an oval opening at one side to admit of a sufficient amount 
of movement of the collimator tube to the right or left. to secure 
proper adjustment. There is a round aperture opposite the 
lens for the passage of the refracted. rays. 

Care should be taken to secure prisms cut perfectly true at the 
base in addition to having good faces. After fixing the prism in 
the desired position, it is necessary to adjust the eslimaton tube 


very carefully to its proper angle, otherwise the best results will 


never be attained when photographing metallic lines. The colli- 


mator tube being three feet in length is placed on a@ separate 


stand. The slit end terminates ina small mahogany box with a 
hinged lid. At the extremity of the box the slit is fixed. This 
bee serves two purposes ; first, when the absorption spectra of 
volatile liquids are being examined the substance is placed in a 
little cell of quartz which stands in the box behind the slit, thus 
lessening the loss of rays. When the lid of the box is shut the 
liquid if excessively volatile is not inflamed by the spark, and as 


the vapour may fill the collimator tube, its absorptive power is _ 


readily examined notwithstanding its rapid evaporation. The 
second purpose of this box is to enable the experimenter to judge 
in what direction to move the electrodes so that the spark may 
exactly fall upon the slit and pass in a straight line down the 
collimator tube. This is done by means of a piece of card which 
fits just inside the box and has a vertical line ruled down its 
centre, when the spark is exactly opposite to the slit, the ray of 
light strikes the centre of the card. A tube at the far end of the 
collimator near the prism box about one-quarter inch in diameter 


and three inches long, projects upwards at right angles and serves . 


for the introduction of gases into the tube, which may require 
examination. Jt is also necessary when examining volatile 
liquids to exhaust the tube of the vapours they evolve by draw- 
ing a current of air through the tube, otherwise subsequent ex- 
periments might be vitiated by the residue of a highly absorbent 
vapour. ! 

The cells for holding solutions « are cut from pieces of glass tube 
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one inch in diameter, by slicing 16 longitudinally in two pieces, 
and cutting off lengths of three-fourths of an inch. These are 
- fitted in metal frames and pieces of quartz are affixed to each end 
by means of screws pressing upon a rim of metal. The cells are 
made water-tight simply by grinding and polishing the ends, it 18 
not admissible to use any cement for the purpose. Re 

Description of the short focus or portable spectroscope-camerd. 
—The lenses of this-instrument are two inches in diameter and 
of fifteen inches focal length. The camera-body is of the same 
construction as that already described, but the prism stand and 
collimator tube, as well as the camera-back, are fitted on toa 
small optical bench. This is intended to serve the purpose not 
only of very careful and accurate adjustments, but to secure 
rigidity so that the instrument may be transported from place to 
place, and turned about in any position without derangement of 
its parts. The camera-body can be altogether removed and the 
camera back turned round on its vertical axis by means of an 
Archimedian screw beneath it. When once adjusted the screws can 
be locked. It is, however, impossible to secure the apparatus 
from an accidental wrench or blow, which might, in spite of the 
security o: the screw adjustments alter the position of one or 
other of the parts, it is therefore advisable to read off on scales 
the exact angular position of the collimator tube, the prism, and 
the camera. The minimum angle of deviation of the prism for 
any particular ray 1s effected by a screw movement. The slit 
has jaws of iridium and a micrometer screw divided into fiftieths 
of a millimeter. As 

The camera body was made by Mr. Meagher, of Southampton- 
row, London, the optical bench by Elliot Brothers, Strand, and 
the slit, prisms, and lenses, by Mr. A. Hilger, Tottenham Court- 
road, London. | 


THE PHOTOGRAPHIC PROCESS. 


The original method of photographing employed by Dr. Miller 
was found to be defective: first, because the more refrangible 
end of the ultra-violet spectrum is extremely weak, if not entirely 
wanting, when photographed on plates containing a plain iodized 
collodion ; secondly, a wet collodion process 1s disadvantageous 
when long exposure’ 1s sometimes necessary ; and thirdly, when 
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working in a small room the ozone generated by the electric 
discharge acts upon wet collodion plates in such a manner that 
they become coated with a thick deposit of silver directly the 
developing solution is applied, the deposit being the densest 
where the bath solution has most accumulated. Much longer 
and better spectra are detained by using ordinary bromo-iodized 
collodion and an iron developer, but of course this process is 
rendered useless by the action of the ozone on the silver 
solution. 

The extraordinary improvements made of late years in the 
preparation and development of dry plates, together with the 
foregoing facts, combined to recommend a dry process. 

Successive trials have been made with plates coated with 
washed collodio-bromide emulsion, with the Itev. Canon Beechy’s 
collodion emulsion plates, and with gelatine pellicle plates. The 
gelatine plates are to be preferred for two reasons; if they are 
wanted for the production of negatives to print from, the film is 
exceedingly fine and even in texture, and on the other hand, if 
transparencies showing absorption bands are desired. they need 
not be varnished. The Beechy plates are more sensitive to very 
feeble rays in the more refrangible part of the spectrum than 
those coated with gelatine pellicle ; this may be seen by compar- 
ing the spectra of iron photographed on these two varieties of 
plates, One advantage of the gelatine plates is that they photo- 
graph more of the less refrangible rays than any others, and 
though the lengthening of the spectrum in consequence is com- 
paratively slight, yet it is of importance in the examination of 
certain coloured substances, which while they transmit rays of 
higher refrangibility absorb the blue and violet. Such bodies 
are solutions of the nitrophenols and nitranilines. The exposure 
of the sensitive plates has varied with the long-focus camera 
from three seconds to an hour and a half, according to circum- 
stances, depending partly on the plates employed and the object 
to be attained ; but it is seldom that a longer period than one or 
two minutes is necessary even for the production of negatives to 


print from, and when photographing absorption spectra with an 


open slit three seconds will suffice. ‘The exposure is four times 
as rapid with the portable camera with lenses of fifteen inch 
focus. 
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The method of development preferred before all others, is that 
originally described by Mr. B. J. Edwards. 

The materials consist of two stock solutions, the compositions 
of which are as follows :— 


— No. 1.—The Developer. 
Pyrogallic acid, ; ; ‘ -  # ounce. 


Glycerine, 
Methylated spirit, 


No. 2.—The Accelerator. 


Potassium Bromide, . 60 grains, 
Ammonia sp. gr. ‘880, : : . . J ounce: 
Glycerine, | 


Water, 





The solutions before use are each diluted with fifteen volumes 

of water. 

igh develope a plate, mix equal volumes of No. 1 and No. Z, 
pour the mixture into a dish, immerse the ‘plate, and rock the 
dish gently. According to the nature of the sensitive films, less 
or more of solution No. 2 may be taken. The development 
should proceed without any forcing or local development, and be 
completed in two minutes. The spectral lines should remain 
dense and black after fixing. 

Mr. Carey Lea’s developing solution is made by boiling an 
excess of ferrous oxalate with 100 grains of neutral potassic 
oxalate and 1 ounce of water. Or the following proportions may 
be used :— 


Ferrous oxalate, A 7 spent: 
Potassic oxalate, 3 : : Sis et aee 


Water, 4 ; : : ie |. 


To each ounce of the above solution is added 1 drachm of a 
solution of 40 grains of potassic oxalate per ounce of water. 

From photographs recently taken it appears that the pyrogallic 
developer acts more equally upon all portions of the spectrum 
while the ferrous oxalate solution developes the image rather 
more strongly at the less refrangible end. At first I was much 
astonished to find that this could be the case, but a little con- 
sideration of the different behaviour of these two developers 
affords an explanation of how it is possible. 
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- When a deposit of silver has been made in an exposed fiim — 


by immersion in ferrous oxalate solution, particles of silver 
‘bromide are reduced in increasing proportion with the length of 


time that the plate is left in the developing solution. The group _ 
of air lines at the less refrangible end is, as a rule, the most active 


portion of a spectrum. Hence, when the exposed plate is put 
into the developer, they appear sometimes half a minute at least 
before the more refrangible rays are visible. They get, therefore, 
half a minute start—so to speak—of the rest of the spectrum 
and the larger the deposit of silver upon. them the greater will 
be the rate of reduction of fresh particles. With the pyrogallic 
developer the action is different ; there is not a progressive rate of 
reduction of silver bromide, increasing with the length of period 
of immersion in the solution; hence, though the less refrangible 


rays are first rendered visible, their development soon ceases, and — 


that of the other portions of the plate which have been more 
slowly acted on become developed to an extent which differs but 
little from that of the air lines. 

After the development of the plates they are eashed and 
steeped for some time in a solution of alum. Subsequent and 
final washing is carried on in a stream of water for several hours. 
Very thorough washing should be regarded as essential, otherwise 
gelatine negatives are apt, after a period varying from three 
months to two years, to become yellow or to fade. Negatives are 
the better for a coat of varnish, which may be a hard photographic 
varnish diluted with once to twice its volume of strong alcohol. 


THE OPTICAL TRAIN. 
It is aremarkable fact, as pointed out by Miller, that all the 


materials which enter into the composition of glass are of much ~ 


ereater transparency to the photographic rays ae glass itself. 
he for instance quartz, Iceland spar, and rock-salt ; likewise, also, 
is alum very diactinic. The small amount ofiron which is found in 
specimens ofcrown glass wassupp osed to bethe cause of the difference. 


Inthe hopes of finding a glass nearly, if not quite as diactinic as | 


quae? I have at various times examined samples of great purity 
made by Feil, in Paris, and others, but in no case have I met 
with a material suitable for the examination of ultra-violet 
spectra. The disadvantage attending the use of quartz and 
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Iceland spar arises from the difficulty in getting rid of the effects 
caused by double refraction. 

Beautiful results can be obtained by the use of hollow prisms 
filled with water, their sides being made of thin plates of quartz ; 
but it is necessary to have more hes one prism, otherwise Ae 
lateral dispersion is not sufficient to enable one to focus accurately 
more than a very limited portion of the spectrum. 

The prisms which I am now using are of quartz, and corrected 
in a manner for double TieacHioes which was kindly communi- 
cated to me by letter by M. Cornu. The double refraction which 
is noticed as affecting the lines of metallic spectra as photo- 
graphed, is caused by circular polarization, causing the ray to be 
turned to the right or left. To obviate this each prism, with an 
angle of 60°, is composed of two equal halves—one cut from right- 
handed, the other from left-handed, quartz. Optical contact 
between the faces is secured by means of a thin layer of glycerine 
or of pure water. _ The lenses, in the same way, are cut to correct 
each other. In the case of those of long focus— 36 inches—they 
are both doubly convex, but the short focussed lenses are plane 
convex. hal, Nia 

In photographing absorption spectra the slit of the instrument 
is wide open, but of course this is inadmissible in the case of 


line spectra. The width of the slit is then narrowed to s4pth of 


an inch or thereabouts, and as some difficulty is experienced 
in keeping it free from dust, it has been found convenient to 
cover it with a thin plate of quartz, which can of course be kept 


clean by simply wiping it with a leather. 
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In these diagrams, which I now exhibit (vide Plates 7 and 8), the 


thicknesses are probably less than they would be represented by © 


most geologists; they have been, however, calculated with great 
care, and in all cases where there was possibly a repetition of 
beds by faults allowance has been made for this, and in those 
groups which are of variable thicknesses only the mean thick- 
nesses are given. The bedded eruptive rocks which occur at 
particular zones are included in the thicknesses. 

In the right hand margin of the diagram full particulars are 
given as to the localities where the different strata occur and 
when they are best represented—and the zones in which re- 
markable fossils, coals, eruptive rocks, &c., are found. In the 
left hand margins the thicknesses of the strata are shown. 


[Nore 1x Press. |—The sections of the Silurian rocks in N. E. Mayo 
to the north-westward of Ballaghaderreen, and in Tyrone to the east- 
ward of Sixmilecross are very similar; having below and above, red 
rocks of the “Dingle beds” type, with between them green rocks 


containing subordinate shales and impure limestones. These calcareous — 


rocks of the Co. Mayo have in them marine fossils, but as yet it has not 
been positively proved that they occur in the similar rocks of the 
Co. Tyrone. : 














N.B.—Owing to an error, the scale on Plate VII. is given as 25,000 
feet to one inch, it should be 2,500 feet to one inch. 











-1892.] Spectra of the Flames of Metallic Compounds. 117 























lative care, ensured exactitude for purposes of comparison between 
the behaviour of the magnetised and unmagnetised steel bars in the 


corrosive fluid. 


An average of the twenty-nine experiments in Table I indicates an 
increase of corrosion in the steel due to magnetic influence of about 
3 per cent. under the conditions of experimentation. 

The steel bars were not highly magnetised, and I purposely ex- 
posed them to the action of the solution for somewhat long periods 
jn the present experiments, as thereby, perhaps, affording a better 
indication of the influence of magnetisation on general corrosion, the 
almost immediate effect of magnetisation on the corrosion of steel 
having been demonstrated in the electrical observations of Part II. 

It is probable that the deviation in the individual results of 
Table I, in the extent of the loss by corrosion, may be attributed to 


‘variation in the extent to which the several bars were magnetised. 


The results recorded in the present paper indicate that magnetisation 


exerts an effect, though small, on the extent of the corrosive action of 


copper salts on iron and steel. This is probably owing to the local 
currents, set up by magnetisation between the polar and central 
portions of the bars, inducing somewhat greater chemical action. 

In some of the experiments with the copper solution which con- 
tained the more highly magnetised bars, the copper solution was of a 
perceptibly lighter colour towards the end of an experiment when 
compared with the colour of the copper solution containing the 
unmagnetised steel bar. 


| vit. “Note on the Spectra of the Flames of some Metallic 


Compounds.” By G. D. Liverne, M.A., F.R.S., Professor of 


Chemistry, and J. Dewar, LL.D., F.R.S8., Jacksonian Pro- 


fessor, University of Cambridge. Received June 3, 1892. 


[Puate 5.] 


A study of the spectra of flames offers many points of interest. Itis 
long since A. Mitscherlich (Poggendorff’s ‘Annalen,’ vol. 116, p. 499 ; 
vol. 121, p. 459) showed that the spectra of flames are, for the 


most part, those of compounds of the elements present, and contain _ 


comparatively few rays proceeding directly from the elements them- 
Selves. But there are many questions still undecided. For example, 
it is not known whether the vibrations which give the spectra of com- 
pounds in flames are those which the molecules of the compounds in 
question would assume under the action of a high temperature alone, 
or whether they are not vibrations of a different order, arising during 
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chemical changes, and deriving their energy directly from the 
chemical energy of the interacting substances. When the absorption 
spectrum of a compound is observed to correspond with its emission 
spectrum in a flame, we may infer that the vibrations are those which 
the compound molecule assumes when sufficiently heated. But there 
are not many cases in which this has been observed. We have 
observed it in the case of cyanogen (‘ Roy. Soc. Proc.,’ vol. 44, p. 247, 
note), but we are not certain of any other case. The difference 
between the spectrum of the base of a flame and that of the upper 
part, observed in many flames, lends support to the supposition that 
there are rays which originate in the chemical change, perhaps 
occurring in the molecules which are in intermediate stages of the 
change, and not assumed by the molecules which are the final pro- 
duct, even when intensely heated in the upper part of the flame. 
The fact that the same rays which are seen in the base of a flame 
may be sometimes generated by electric discharges in the gases which 
are burnt in the flame, or in their products of combustion, is not at 
all inconsistent with this supposition, for such discharges certainly 


have electrolytic effects, and may very well give rise to molecules in | 
the intermediate stages between one state of chemical combination | 


and another.* The flames of substances, such as the organo-metallic 
compounds, into which metals enter as chemical ingredients, have not 
hitherto, so far as we know, been observed, and it is to two such 
flames that these notes refer. 


Spectrum of the Flame of Nickel-Carbonyl. 


The remarkable compound of nickel and carbonic oxide, Ni(CO),, 
discovered by Mr. Mond, burns in air with a luminous, smoky flame, 
and the spectrum it emits appears to be a continuous one. When the 
vapour is burnt in oxygen instead of in atmospheric air, the spectrum 
still appears to be quite continuous; in fact, such a spectrum as 
carbonic oxide, without any nickel, gives under similar circumstances. 


This, however, is only in appearance, because the brightness of the 
continuous spectrum overpowers the feebler bands and lines which . 


belong to the flame of the nickel compound. These bands and lines 
come out when the vapour of the nickel compound is diluted with & 


* It is sometimes assumed in books on chemistry that the atoms which form a 
chemical compound can never be in an intermediate state between complete separa- 
tion and complete combination. So inconceivable an assumption would hardly have 
been made except to support a theory, but it has nevertheless obtained a certain 
currency. It is supported by no fact and no analogy. Two atoms which are 
within the spheres of each other’s influence, but have not yet reached the state of 
relative tranquillity which we recognise as chemical combination, may very con- 


ceivably be the seat of very violent agitation and vibratory motions, which cease - 


when they are actually combined. 
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good deal of hydrogen. We have employed two methods of making 
such a mixture. The first was by passing a stream of dry hydrogen, 
mixed with carbonic oxide, over reduced nickel in a glass tube, and 
burning the issuing gas in a double jet with oxygen either outside 
or inside the burning gas. ‘The nickel was freshly reduced at a 
gentle heat with hydrogen, and allowed to cool in carbonic oxide. 
When quite cold the stream of mixed hydrogen and carbonic oxide 
was found to take up quite enough nickel at the temperature of the 
room, and would continue to do so for some hours. After a time, 
however, the nickel required to be again warmed in a current of 
hydrogen, when some water was given off, and the metal recovered 
its sensitiveness. Another plan was to pass a stream of hydrogen 
through a |J-tube containing a little of the liquid nickel compound 
in the bend. ‘The result was the same in each case, but the propor- 
tion of vapour of the compound was more easily varied (by simply 
varying the proportion of carbonic oxide in the stream of gas) in the 
former method. The mixed gas and vapour burnt in air with a 
smoky flame, but in a full supply of oxygen with a bright yellowish- 
green flame without visible smoke. The first jet we used was of 
platinum, but nickel-carbonyl deposits nickel at a red heat, so that 


_ the platinum soon became coated with a thick deposit of nickel, which 


choked the orifices. This nickel adhered so closely to the platinum 
that-it could not well be removed mechanically, and had to be dis- 
solved off. We found it, therefore, more convenient to use a jet 
made of a piece of porcelain tube, about 1 cm. in diameter, with a 
narrow porcelain tube, fitted by means of a cork, in the axis of the 
wider tube. The mixed gas and vapour were passed either through 
the inner or through the outer tube, and oxygen through the other. 
The porcelain being a bad conductor, no nickel was deposited on it, 
except close to the orifice, whence it could be easily removed 
mechanically without disturbing the apparatus. The porcelain, of 
course, added some lines to the spectrum, but these were easily 
detected. In fact, we noticed only the lines of sodium, calcium, and 
lithium. | , 

The spectrum of the flame of the nickel-carbonyl thus diluted con- 
sists of two parts: (1) the spectrum of the main body of the green 
flame, (2) that of the base of the flame when the oxygen is outside, 
and of the surface of the small inner cone when the oxygen is inside, 
the flame. 

The spectrum of the main body of the flame consists of a series of 
shaded bands, brightest in the green, but extending on the red side 
beyond the red line of lithium, and on the violet side well into the 
blue, though with rapidly diminishing distinctness. These bands have 


_ their sharp bright edges on the more refrangible side, that is, they 


are turned in the opposite direction to the bands produced by electric 
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discharges in carbonic oxide at low pressure. The positions of the 
bright edges of the bands in the flame of the nickel-carbonyl have 
some correspondence with those of the bands produced by electric 
discharges in carbonic oxide, but it is not a very close one, and may 
be only accidental. With the dispersion employed, which gives a 
difference of deviation of 2° 52’ between D and F', there was no sign 
of a resolution of these bands into lines. The brightest bands had, 
however, their more refrangible edges pretty sharply defined, while 
the less bright bands, especially those in the blue, were very hazy. 
A certain amount of continuous spectrum, of course, overlay the 
bands, and made them somewhat less distinct. Photographs show 
that this continuous spectrum continues as far as 3500, but fading 
sensibly from 4200 onwards. The photographs do not show any 
extension of the bands beyond the blue. 

Besides the bands, a few lines, but only a few, in the visible part of 
the spectrum, extend into the upper part of the flame. Of these few 
only one is a known line of nickel ; it is the green line \ 5476. This 
was also the only line of nickel which we observed in the visible part 
of the spectrum in explosions of hydrogen and oxygen in a nickel- 
lined tube (‘ Roy. Soc. Proc.,’ vol. 36, p. 475). 

In the ultra-violet part of the spectrum of the flame a great 
number of nickel lines were photographed ; indeed, by far the greater 
part of the lines of nickel found by us in the arc (‘ Phil. Trans.,’ 
vol. 179 (1888), A, p. 247) between 3972 and » 2943°5. In this 
case also there is a close correspondence between the spectra of the 
flame and of the explosions, except that the lines of the flame are 
much more numerous than those recorded of the explosions. This 
difference, however, is probably due to the much shorter exposure of 
the photographs of explosions. Although the photographs show 
lines as high as 12943, the lines in this region are very faint, and. 
eradually die out in proceeding from the less to the more refrangibie 
side of the spectrum. In the region about L, M, and N the lines are 
very strong, so that it is for rays of those rates of vibration that. 
nickel is most sensitive at the temperature of the flame. 

Turning now to the base of the flame, we find a great number of 
lines, of which most extend but a short distance from the bottom of 
the flame. They form two principal groups, one in the orange and 
red, and the other in the citron and yellow. These lines are for the 

most partly sharply defined, and in the more refrangible parts of each 
group very fine and closely set. They are probably channellings 
following Rydberg’s law, and somewhat confused by overlapping. 
The diagram indicates the strongest of these lines, as they appear on 
the background of shaded bands in the flame. It is drawn to a scale 
of oscillation frequencies. 
None of these lines appear to be nickel lines, and, as they are limited. 
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to the base of the flame, they cannot be aseribed to any of the final 
roducts of the combustion, such as nickel oxide, but must be due 
either to the as yet unaltered molecules of nickel carbonyl, or to some 
molecules intermediate between that compound and the products of 
combustion which have only a transitory existence, and may perhaps 
have a transitory agitation of a particular kind imparted to them by 
the chemical energy which changes its form in the combustion. 
The following tables give the approximate oscillation frequencies 
of the edges of the principal shaded bands, and of the lines seen at 
the base of the flame, but the numbers are only approximate. 


Oscillation Frequencies of Edges of Shaded Bands. 


14,96 1692 1933 214.6 
1521 1752 3 1960 2172 
1577 1808 2052 2199 
1594 1849 2107 2226 
1635 


Oscillation Frequencies of Lines in the Base of the Flame. 


1497 1582 1622 1721 
1506 group of very 1627 J 1727 1 
1509 closely set lines 16311 1732 1 
1514 1586 1651 1735 
1518 15938 1656 1738 
1521 1595 1663 1741 1 
— 1526 1596 1667 1742 
1543 1598 1671 1745 
1547 1599 1673 1746 
1549 1600 1682 1747 
1555 1602 1686 1753 
1560 1604 1690 7 1806 
1563 1607 “1706 1809 
1572 1612 1712 1827 
1575 1615 1714 1833 
1578 1616 1716 1879 
1580 1618 





The six numbers in the above table to which an 7 is added corre- 
spond to lines which extend into the upper part of the flame. 
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Table of Wave-lengths of Nickel Lines photographed from the 
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294:3°5 
2981°2 
2983'6 
2992-2 
29941 
3002'1 
3003°2 
3011°5 
3018'8 
3031°4 
3037°5 
3044°5 
3050°4 
3053°9 
3057°2 
30642 
*3080°3 
3096°6 
3098°6 
3101-1 
S3101°4 
3105°0 
3113°7 
3133°6 
3145°5 


3183°8 
31949 
3196°6 
3201°5 
32211 
32246 
3226°'3 
3232°6 
32342 
3242°6 
3247°8 
3250°'1 
3270°6 
3282°2 
3285°0 
331571 
3319°7 
3321°6 
3361°0 
3365'5 
3367°2 
33689 
3371°3 
3373°6 
3380°0 


Flame. 


3390'4 
33924: 
3409°0 


3413-4 


3413°8 
3423°1 
3433°0 
3436°7 
3445°7 
3452°3 
3457°8 
34611 
3466°8 
3468°9 
3470°8 
3483°1 
3485°2 
3492°3 
3500°0 
3509°7 
35144 
3519°1 
3523'9 
35271 
B547°5 


3561-1 
3565-7 
3571-2 
3587-2 
3601-4 
3609°8 
3612-1 
36188 
3624-1 


36634. 


3669°7 
3673-4 
3687°6 
36946 
3721-6 
37361 
3737-0 
3745-0 
3775-0 
3783-0 
3791-0 
3806°6 
3831-7 
3857°8 
3972:0 
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The more refrangible lines in the foregoing table were very faintly 
depicted on the photographic plate, and it is possible that a more 
lengthened exposure than the fifteen minutes, which we employed in 
the region where the lines were faint, would have brought out more 
lines. The continuous spectrum of the limelight extends some dis- 
tance further than the most refrangible of these nickel lines. 
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Flame of Zine Hthide. 


Zinc ethide burning undiluted produces so much continuous spec- 
trum as to overpower any special rays. But by passing a stream 
of hydrogen through a bent tube containing zinc ethide, and burning 
the mixed gas and vapour in oxygen, as we did the nickel-carbony]l, 


Ree 


* A query is placed against this number because the water spectrum is so strong : = oe 
at this point that we cannot certainly distinguish the nickel line. There is no q 1 ee 
other reason for doubting its presence. | i 





West Newman, lith. 
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we reduced the continuous spectrum sufficiently to enable us to 
observe any fairly strong rays which might be peculiar to the flame. 
In the visible part of the spectrum the three well-known rays of zinc 
in the blue \ 4812, 4721, and 4681 were easily seen. Photographs of 
the more refrangible part of the spectrum showed no trace of the 
ultra-violet lines of zinc; no more, in fact, than the flames of hydro- 
carbons usually show. Nor did there appear to be any rays from the 
base’ of the flame other than those seen in hydrocarbon flames in 
general. In our observations on explosions (loc. cit.) we did not find 
that a zinc lining to the tube in which the oxy-hydrogen gas was 
exploded brought out any zinc line, either in the visible or ultra- 
violet part of the spectrum. The flame of the compound containing . 
zinc chemically combined may be supposed to give the rays of zinc 
more readily jthan the exploding gases, which merely take up the 
' metal mechanically. But the flame does not, in either case, seem hot 
enough to develop the ultra-violet rays, though these are very strongly 
developed in the are. | 








IX. “Preliminary Note on the Pressure developed by some 
New Explosives.” By Captain Nosuz, C.B., F.R.S. Re- 
ceived June 10, 1892. 


For a considerable time I have, with the assistance of Sir F. Abel 
and Professor Dewar, been engaged in researches upon the new ex- 
plosives which during the last few years have attracted so much 
attention, and which apparently are destined to do much in develop- 
ing the power of modern artillery. 

From the nature of these researches and the considerable scale 
upon which they have to be conducted, as well as from certain diffi- 
culties which have manifested themselves, I am not at present in a 
position to submit to the Royal Society the results of these experl- 
ments ; but, as one particular portion throws light upon a question of 
considerable importance, I propose very shortly to give the results at 
which I have arrived, leaving fuller details for a subsequent communi- 
cation. 

Artillerists of all nations are pretty well agreed that, save under 
exceptional circumstances, the maximum working pressure in a gun 
should not exceed 17 tons per square inch or, say 2500 atmospheres. 
The reasons for this limitation are weighty, but I need not here dis- 
cuss them. Now, taking cordite and pebble powder as illustrations, 
since we can, even in guns not designed to fire the former explosive, 
obtain with the same maximum pressure, energies higher than those 
obtained with pebble powder by nearly 50 per cent., it is obvious that 
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this extra energy must be obtained from the development of higher 
pressures in the forward portions of the guns, and it naturally became 
a question of considerable importance to determine over what surface 


these higher pressures extended, and to ascertain if they in any - 


serious degree affected the safety of the chase. 
At Woolwich, to settle this point, certain guns were prepared in 


which crusher gauges were placed at various points along the bore, 


and results were obtained to which I shall presently more particularly 
allude; but, considerable doubt having been thrown on the reliability of 
these crusher gauges, I considered it desirable in a matter of so great 
importance to ascertain the pressures by altogether independent means, 
and thus either confirm the crusher-gauge results, or, if the two sets 
of results should prove to be not altogether in accordance, to throw 
some light upon the causes of such discrepancies as might exist. 

The crusher gauge is, to those who interest themselves with such 
subjects, so well known, that I shall not attempt here to describe it, 
and I will only say that I have very great confidence in the accuracy 
of its results when properly used. Personally I have during the last 


twenty-five years made many thousand observations with these — 


gauges, and when properly prepared and judiciously used, not only 
have I found their results accordant inter se, but I have by totally 
different determinations corroborated their accuracy. But 1 have always 
held that this gauge and all similar gauges will cease to be either 
reliable or accurate if there be any probability of the products of ex- 
plosion being projected into the gauge at a high velocity, the energy 
stored up in such products being impressed on the gauge in the form 
of pressure, and this contingency might and does arise either when 
the gauge is placed in the forward part of a gun, where necessarily 
the products are in rapid motion, or in the case of the detonation of 
a high explosive; but, as I have gone pretty fully into this question 
elsewhere, I need not here pursue the subject further. 


The crusher-gauge determinations for cordite, made at Woolwich — 


for the Explosives Committee, under the presidency of Sir F. Abel, 
having been made in a 47-inch quick-firing gun, I arranged a similar 
gun in such a manner that I was able to obtain a curve determined 
from the time at which the projectile passed sixteen points arranged 
along the bore. From this curve, by methods I have elsewhere 
described, the curve giving the velocity at all points of the bore can 
be deduced, and from the curve of velocity the pressures generating 
these velocities can also be deduced. 

For the particular purpose of this investigation it was desirable to 
compare the pressures of different explosives, and the present note 
gives the result of four explosives differing widely in nature and in 
composition. 

The explosives used were as follows :— 
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UV XLI. On the Discharge of Electricity through Exhausted 


Tubes without Electrodes. By J. J. Toomson, JZ.A., 
F.RS., Cavendish Professor of Eaperimental Physics, 
Cambridge.* 
| Ngee following experiments, of which a short account was 
read before the Cambridge Philosophical Society last 
February, were originally undertaken to investigate the phe- 
nomena attending the discharge of Hlectricity through Gases 
when the conditions are simplified by confining the discharge 
throughout the whole of its course to the gas, instead of, as 
in ordinary discharge-tubes, making it pass from metallic or 
glass electrodes into the gas, and then out again from the gas 
into the electrodes. 

In order to get a closed discharge of this kind we must 
produce a finite electromotive force round a closed circuit, 
and since we cannot do this by the forces arising from a 
distribution of electricity at rest, we must make use of the 
electromotive forces produced by induction.. To break down 
the electric strength of the gas such forces must be very 
intense while they last, though they need not last for more 
than a short time. Forces satisfying these conditions occur 
in the neighbourhood of a wire through which a Leyden jar 
is discharged. During the short time during which the oscil- 
lations of the jar are maintained enormous currents pass 
through the wire, and as with a moderate-sized jar these 
currents change their direction millions of times in a second, 


* Communicated by the Author. 
Phil. Mag. 8. 5. Vol. 32. No. 197. Oct. 1891. Z, 
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the electromotive force in the neighbourhood of the wire is 
exceedingly large. To make these forces available for pro- 
ducing an electrodeless discharge, all we have to do is to 
make the wire connecting the coatings of the jar the 
primary of an induction-coil of which the discharge-tube 
itself forms the secondary. The arrangements which | have 
employed for this purpose are represented in the accompanying 

















diagram. 


Fig. 1. 
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Wim shurst) ( 7 
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In (a) A is the inside coating of a Leyden jar: this is con- 
nected to H, one of the poles of a Wimshurst electrical machine, 
or an induction-coil, the other pole F of the machine being 
connected to B the outer coating of thejar. ACD is a wire 
connected to the inner coating of the jar, a few turns C 
(which we shall call the primary coil) are made in this wire ; 
these turns are square if the discharge-tube is square, circular 
if the discharge-tube is a spherical bulb. The wire at D is 
attached to an air-break, the other side of which is connected 
with the outer coating of the Leyden jar. The knobs of this 
air-break. ought to be kept brightly polished. The loop O is 

connected to earth. The discharge-tubes, which were in 
general either rectangular tubes or spherical bulbs, were 
placed close to the turns of C. When the difference of poten- 
tial between A and B is sufficiently large, a spark passes 
across the air-break, and the electrical oscillations set up 
produce a large electromotive force in the neighbourhood of 
the coil, sufficient under favourable circumstances to cause 
a bright discharge to pass through the vacuum-tubes. In some 
experiments the jars, at the suggestion of Prof. Oliver Lodge, 
were connected up differently, and are represented by (8) in 


* 
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fig. 1. Two jars were used, the outside coatings of which, A and 
B, were connected by the wire containing the primary coil C 
the inside coating of the first jar was connected to one pole 
of the Wimshurst, that of the second to the other. With this 
method of arranging the jars no air-space is required, as the 
sparks pass between the terminals of the machine el the 
polishing of these terminals is not nearly so important as that 
of the knobs of the air-break in the arrangement (x). 

Betore proceeding to describe the appearance presented by 
the discharge, I will mention one or two points which may 
prove useful to any one who wishes to repeat the experiments. 
According to my experience the discharge is more easily 
obtained in bulbs than in square tubes, and witha Wimshurst 
machine than with an induction-coil. If an induction-coil is 
used a break which will transmit a large current ought to 
be substituted for the ordinary vibrating one supplied with 
such instruments. It is essential to success that the gas 
in the bulbs or tubes should be quite dry and at a suitable 
pressure; there is a pressure at which the brilliancy of 
the discharge is a maximum, and as in endeavouring to 
get at this pressure the exhaustion may be carried too far 
It 18 convenient to use a form of mercury pump which will 
allow of the easy admission of a little gas; the pattern 
which I have used and found to answer very well is called 
the Lane-Fox pattern. When any gas is introduced it 
should be sent through sulphuric acid to get rid of any 
moisture that may be in it. Owing, I think, to the pressure 
in ordinary incandescent lamps being very different from that 
at which the discharge has its maximum brilliancy, I have 
met with very poor success in attempts to produce these 
discharges in already exhausted tubes such as incandescent 
lamps, though I have tried a considerable number by different 
makers ; on the other hand, the radiometers which I have 
tried allow the discharge to pass pretty readily, though it 

é y 5 

1s interfered with by the vanes, and is not comparable in 
brilancy with that obtained in home-made tubes and bulbs. 
I have obtained sparks easily with apparatus of the following 
dimensions : two gallon jars, the outside coatings connected 
by a wire about 2 yards long, the coil consisting of three or 
four turns, each about 3 inches in diameter. Ihave some bulbs 
which with this apparatus will give a bright discharge when 
the distance between the terminals of the Wimshurst is onl 
1 ; : a 
4 Inch; these are, however, exceptionally good; it more 
frequently takes a spark an inch or an inch and a half lone 
to produce the discharge. _ | | i 

I find that Hittorf in Wiedemann’s Annalen, xxi. p. 188, 
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however, the cause of the electromotive intensity is the 
same in both cases, viz. the presence of tubes of electro- 
static induction, and the electromotive intensity ceases to be 
derived from a potential, merely because the distribution of 
these tubes is not necessarily the same when they are moving 
about as when they are in equilibrium. It is shown, in the 
paper already referred to, that these tubes when in motion 
produce a magnetic force at right angles, both to their own 
direction and to that in which they are moving, the magnitude 
of the force being 47 times the product of the strength of the 
tube, the velocity with which it is moving, and the sine of the 
angle between the direction of the tube and its direction 
of motion. In an electric field in which the matter ig at 
rest, these tubes when in motion move at right angles to 
themselves with the velocity “v,’’ that at which electro- 
dynamic disturbances are propagated through the medium. 
We can easily show that, K being the specific inductive 
capacity of the medium, the line-integral of 4a/K times the 
density of these tubes taken round a closed circuit is equal to 
the rate of diminution of the number of lines of magnetic 
induction passing through the circuit. Thus, since the funda- 
mental laws of electrodynamic action, viz. Faraday’s law of in- 
duction and Ampére’s law of magnetic force, follow from this 
conception of the field as produced by tubes of electrostatic 
induction moving at right angles to themselves with the 
velocity “v,” and producing a magnetic force at right angles 
both to their own direction and to that in which they are 
moving, and proportional to the product of the strength of 


the tube and its velocity, it is a conception which will | 


account for all the known phenomena of the field. It fur- 
nishes in fine a geometrical instead of an analytical theory of 
the field. It will also be seen that from this point of view 
the magnetic force, when introduced to calculate the electro- 
motive forces arising from induction, logically comes in as an 
intellectual middle-man wasting mental effort. 

We may thus regard the distinction between electrostatic 
and electromagnetic electromotive forces as one introduced 
for convenience of analysis rather than as having any physical 
reality. The only difference which I think could be made 
from a physical point of view would be to define those effects 
as electrostatic which are due to tubes of electrostatic induc- 
tion having free ends, and to confine the term electromagnetic 
to the effects produced by closed endless tubes. It is only, 
however, when the electromotive forces are produced ex- 
clusively by the motion of magnets that all the tubes are 
closed ; whenever batteries or condensers are used, open tubes 
are present in the field. 


through Kxhausted Tubes without Klectrodes. 27 


It will be useful to consider here the disposition and 
motion of the tubes of electrostatic induction in the arrange- 
ment used to produce these electrodeless discharges. We shall 
take the case where two jars are used, as in 8, fig. 1, as being 
the more symmetrical. 

Just before the discharge of the jar, the tubes of electro- 
static induction will be arranged somewhat as follows :— 
There will be some tubes stretching from one terminal of the 
electric machine to the other; others will go from the ter- 
minals to neighbouring conductors, the table on which the 
machine is placed, the floor and walls of the room, &c. ‘The 
great majority of the tubes will, however, be short tubes 
passing through the glass between the coatings of the jars. 
Let us now consider the behaviour of two of these tubes, one 
from the jar A, the other from B, when a spark passes between 
the terminals of the machine. Whilst the spark is passing 
these may be regarded as connected by a conductor; the tubes 
which originally stretched between them now contract, the 
repulsion they exerted on the surrounding tubes is destroyed 
so that these now crowd into the space between the terminals, 
the two short tubes under consideration now taking somewhat 
the form shown in fig. 2. These tubes being of opposite sign 


Fig, 2. Fig, 3. 
O- + BU ae 


tend to run together; they do so until they meet as in fig. 3 
when the tubes break up as in fig. 4, the upper portion run- 
ning into the spark-gap, where it contracts, while the lower 
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portion rushes through the dielectric to discharge itself into 
the wire connecting the coatings of the jars, an intermediate 
position being shown in fig. 5. These tubes while rushing 
through the dielectric produce, as already stated, magnetic 
forces ; some of them on their way to the discharging wire 
will pass through the discharge-tube; if they congregate there 
in sufficient density, discharge will take place through the 
rarefied gas. 

The discharge of the jar is oscillatory, and we have only 
followed the motion of the tubes during a part of the oscilla- 
tion; when, however, this tube enters the wire between the 
jars a tube of opposite kind emerges from it ; the same thing 
happens when the other portion enters the spark-gap. These 
go through the same processes as the tubes we have followed, 
but in the reverse order, until we get again two short tubes 
in the jars, but opposite in sign to the original ones; the 
process is then repeated and so on as long as the vibrations 
last. . 

In order to see what are the most advantageous di- 
mensions to give to our apparatus, let us consider on what 
the maximum electromotive force in the secondary depends. 
Let us take the case of a condenser of capacity C discharging 
through a circuit whose coefficient of self-induction is L ; 
then, if the potential difference between the plates of the con- 
denser is initially V,, the current y at the time ¢ is (sup- 


posing as a very rough approximation that there is no decay 
in the vibrations) given by the equation 
eo ES Ge ge 
T= AC sel 


The rate of variation of this, 7, is therefore 
Mes cm 
1 ey ee 
So that if M is the coefficient of self-induction between the 
primary and a secondary circuit, the maximum electromotive 
force round the secondary is MV,/L, which for a given spark- 
length is independent of the capacity of the condenser. In 
practice it is advisable, however, to have as much energy in the 
jars to start with as possible, and better results are got with 
large jars than with small ones. Using a six-plate Wimshurst 
machine I got very good results with two “ gallon jars;” with 
a large induction-coil the best results were got with two 
“pint and a half jars.” | 
The best number of turns to use in the primary coil C 
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depends upon the size of the leads; if all the circuit were 
available for this coil one turn would give the largest electro- 
motive force, because though for a given rate of change of the 
current in the primary the effect on the secondary increases with 
the number of turns, the rate of change of the current varies 
inversely as the self-induction of the primary, so that if all the 
circuit is in the coil C, since an increase in the number of turns 
will increase the self-induction of the circuit faster than the 
mutual induction, it will diminish the electromotive force 
round the secondary. In practice, however, it is not possible 
to have the whole of the wire connecting the coatings of the 
jar in the coil C; and in this case an increase in the number 
of turns may increase the mutual induction more than the self- 
induction, and so be advantageous. The best result will be 
obtained when the self-induction in the coil C is equal to that 
of the remainder of the circuit. It is very easy to find by 
actual trial whether the addition of an extra turn of wire is 
beneficial or the reverse. The brightness of the discharge 
depends upon the time of the electrical oscillations as well as 
upon the magnitude of the electromotive force. Thus, in an 
experiment to be described later, the brilliancy of the dis- 
charge was increased by putting self-induction in the leads 
which, though it diminished the intensity of the electromotive 
force, increased the time-constant of the system. When the 
discharge-tube was square and the coil C had also to be square 

it was found most convenient to make it of glass tubing bent 
into the required form and filled with mercury. When, how- 
ever, the discharge was required in a bulb, the primary coil was 
made of thick gutta-percha-covered copper wire wound round 
a beaker just large enough to receive the exhausted bulb. 
There is sometimes considerable difficulty in getting the first 
discharge to pass through the bulb, though when it has once 
been started other discharges follow with much less difficulty. 

The same effect occurs with ordinary sparks. It seems to be 

due to the splitting up of the molecules by the first discharge; 

some of the atoms are left uncombined and so ready to con- 

duct the discharge, or else when they recombine they form 

compounds of smaller electric strength than the original gas. 

When the discharge was loath to start, I found the most 

effectual way of inducing it to do so was to pull the terminals 

of the Wimshurst far apart and then, after the jars had got 

fully charged, to push the terminals suddenly together. To 

this way a long spark is obtained, which, if the pressure of 
the gas is such that any discharge is possible, with the means 

at our disposal will generally start the discharge. 
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Appearance of the Discharge. 


Let us suppose that we have either a square tube placed 
outside a square primary or a bulb placed inside a circular 
coil of wire, and that we gradually exhaust the discharge- 
tube, the jars sparking all the time. At first nothing at all is 
to be seen in the secondary, but when the exhaustion has 
proceeded until the pressure has fallen to a millimetre or 
thereabouts, a thin thread of reddish light is seen to go round 
the tube situated near to but not touching the side of the 
tube turned towards the primary. As the exhaustion pro- 
ceeds still further, the brightness of this thread rapidly in- 
creases, as well as its thickness; it also changes its colour, 
losing its red tinge and becoming white. On continuing the 
exhaustion the luminosity attains a maximum, and the dis- 
charge passes as an exceedingly bright and well-defined ring. 
On continuing the exhaustion, the luminosity begins to di- 
minish until, when an exceedingly good vacuum is reached, 
no discharge at all passes. The pressure at which the lumi- 
nosity isa maximum is very much less than that at which 
the electric strength of the gas is a minimum in a tube pro- 
vided with electrodes and comparable in size to the bulb. 
The pressure at which the discharge stops is exceedingly low, 
and it requires long continued pumping to reach this stage. 
We see from these results that the difficulty which is ex- 
perienced in getting the discharge to pass through an ordi- 
nary vacuum-tube when the pressure is very low is not 
altogether due to the difficulty of getting the electricity from 


the electrodes into the gas, but that it also occurs in tubes 


without electrodes, though in this case the critical pressure is 
very much lower than when there are electrodes. In other 
words, we see that as the state of the bulb approaches that of 
a perfect vacuum its insulating power becomes stronger and 
stronger. This result is confirmed by several other experl- 
ments of a different kind which will be described later. 

The discharge presents a perfectly contmuous appearance, 
with no sign of striation, of which I have never. observed any 
trace on any of these discharges, though I must have ob- 
served many thousands of them under widely different con- 
ditions. 


Action of a Magnet on the Discharge. 


The discharges which take place in these tubes and bulbs 
are produced by periodic currents, so that the discharges 
themselves are periodic, and the luminosity is produced by 
currents passing in opposite directions. As this is the case, 
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it seemed possible that the uniformity of the luminosity seen 
in the discharge was due to the superposition of two stratified 
discharges in opposite directions, the places of maximum 


-Juminosity in the one fitting into those of minimum lumi- 


nosity In the other. Since these discharges are in opposite 
directions, they will be pushed opposite ways when a magnetic 
force acts at right angles to them, the discharges in opposite 
directions can thus be separated by the ap plication of a magnetic 
force and examined separately. In the experiment which was 
tried with this object, a square tube was used placed outside 
the primary, the tube at one or two places being blown out 
into a bulb so as to allow of the wider separation of the con- 
stituent discharges. When one of these bulbs was placed ina 
magnetic field where the force was at right angles to the diss 
charge, the luminous discharge through the bulb was divided 
into two portions which were driven to opposite sides of the 
bulb ; each of these portions was of uniform luminosity and 
exhibited no trace of striation. It was noticed, however, in 
making this experiment that the discharge seemed to have 
much greater difficulty in peesing through the tube when 
the electromagnet was on than when it was off. This obser- 
vation was followed up by several other experiments, and it 
was found that the discharge is retarded in a most remarkable 
ray by a magnetic force acting at right angles to the line of 
discharge. This effect is most strikingly shown when the 
discharge passes as a ring through a spherical bulb. If such a 
bulb is placed near a strong electromagnet, it is easy to mila! 
the length of spark so that when the magnet is off’ a bralltaiis 
discharge passes through the bulb, while when the magnet is 
on no discharge at all can be detected. The action is ver 
striking, and the explanation of it which seems to fit in bee 
with the phenomena I have observed is that the discharce 
through the rarefied gas does not rise to its full ee 
suddenly, but as it were feels its way. The gas first teal 
down along the line where the electromotive intensity is a 
maximum, and a small discharge takes place alone this lta 
This discharge produces a supply of dissociated molecules 
along which subsequent discharges can pass with greater 
ease. ‘l'hus under the action of these electric forces the aS 
is In a state of unstable equilibrium, since as soon as i 
small discharge passes through it the gas becomes Steeticalll 
weaker and less able to resist subsequent discharges. Wen 
the gas is in a magnetic field, the magnetic force acting on 
the discharge produces a mechanical force which displaces 
the molecules taking part in the discharge from the lil of 
maximum electric intensity, and thus subsequent discharges 
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do not find it any easier to pass along this line in consequence 
of the passage of the previous one. There will not, therefore, 
be the same instability in this case as in the one where no 
magnetic force acted upon the gas. A confirmation of this 
view is, I think, afforded by the appearance presented by the 
discharge when the intensity of the magnetic field is reduced, 
so that the discharge just, but only just, passes when the 
magnetic field is on. In this case the discharge, instead of 
passing as a steady fixed ring, flickers about the tube ina very 
undecided way. 3 

If the strength of the magnetic field is reduced still further, 
so that the discharge passes with some ease, the bright ring 
which, when no magnetic force is acting, is in one plane, is 
changed into a luminous band situated between two planes 
which intersect along a diameter of the bulb at right angles 
to the magnetic force. These planes are inclined at a con- 
siderable angle, one being above and the other below the 
plane of the undisturbed ring. This displacement of the ring 
by the magnetic force shows that it consists of currents cir- 
culating tangentially round the ring. 

This action of a magnet on a discharge flowing at right 
angles to its lines of force is not, however, the only remarkable 
effect produced by a magnet on the discharge. When the 
lines of magnetic force are along the line of discharge, the 
action of the magnet is to facilitate the discharge and not to 
retard it asin the former case. The first indication of this 
was observed when the jars were connected, as in (a) in fig. 1. 
The earth-connexion being removed, in this case there is a 
glow from the glass into the bulb, due to the redistribution of 
the electricity induced on the glass by the primary when it is 
at a high potential before the spark passes. If the primary 
is connected to earth by a circuit with an air-break in it, the 
intensity of the glow may be altered at will by adjusting the 
length of the air-break; when the air-space is very small 
there is no glow; when it is long the glow-is bright. The 
bulb in which the discharge was to take place was placed on 
a piece of ebonite over the pole of an electromagnet, and the 
air-space in the earth-connexion of the primary was adjusted 
so that when the magnet was off no glow was observed in the 
tube. When the magnet was on, however, a glow radiating in 
the direction of the lines of magnetic force was produced, 
which lasted as long as the magnet was on, and died away 
rapidly, but not instantaneously, when the magnet was taken 
off. In this case the discharge seems to be much easier along 
the lines of magnetic force. 

The following experiment shows that this effect is not 
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confined to the glow-discharge, but is also operative when the 
discharge passes entirely through the gas. A square tube 
ABCD (fig. 6) is placed outside the primary EFGH, the 
lower part of the discharge-tube CD being situated between 
the poles L M of anelectromagnet. By altering the length of 
spark of the Wimshurst machine, the electromotive intensity 


Fig. 6. 


acting on the secondary can be so adjusted that no discharge 
passes round the tube ABCD when the magnet is off, whilst 
a bright discharge occurs as long as the magnet is on. The 
two effects of the magnet on the discharge, viz. the stoppage 
of the discharge across the lines of magnetic force, and its 
acceleration along them, may be prettily illustrated by placing 
inthis experiment an exhausted bulb N inside the primary ; 
then the spark-length can be adjusted so that when the 
magnet is off the discharge passes in the bulb, and not in the 
square tube, while when the magnet is on the discharge 
passes in the square tube, and not in the bulb. 

The experiments on the effect of the magnetic field on the 
discharge were tried with air, carbonic acid, and oxygen, but 
I could not detect any difference in the behaviour of the 
gases. 

The explanation of the longitudinal effect of magnetic force 
seems more obscure than that of the transverse effect ; it is 
possible, however, that both may be due to the same cause, 
for if the feeble discharge which we suppose precedes the 
main discharge branches away at all from the line of main 
discharge, the action of the magnetic force when it is along 
the discharge will tend to bring these branches into the main 
line of discharge ; and thus there will be a greater supply of 
dissociated molecules along the main line of discharge, and 
therefore an easier path for the subsequent discharges when 
the magnetic force is acting than when it is absent. 

_ It is perhaps not necessary to assume that the mechanical 


action of the magnetic force is on a small discharge preceding 
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the main one ; the action of the magnetic force on the chain 
of polarized molecules which are formed'before the discharge 
passes might produce an effect equivalent to that which we 
have supposed was produced on an actual discharge. 

The chain of polarized molecules would be affected in the 
following way :—The magnetic field due to the electromagnet 
consists of tubes of electrostatic induction moving about: 
these tubes, as well as the direction in which they are moving, 
are at right angles to the lines of magnetic force. The short 
tubes of electrostatic induction which join the atoms in the 
molecules of the gas will, under the influence of the electric 
forces, set themselves parallel to the direction of the electro- 
motive intensity at each point. 

Thus, when the magnetic force is at right angles to the 
line of discharge, tubes of electrostatic induction parallel to 
those in the molecules will be moving aboutin the field ; and 
since parallel tubes exert attraction and repulsion on each 
other, the molecular tubes will be knocked about and their 
efforts to form closed chains made much more difficult by 
the action of the magnet. On the other hand, when;the lines 
of magnetic force are parallel to the discharge, the moving 
tubes are at right angles to those in the molecules, and will 
not disturb them in the attempt to form chains along the line 
of magnetic force, they will in fact assist them in doing go by 
preventing all attempts in directions across the lines of force. 

Prof. G. F. Fitzgerald has suggested to me in conversation 
that this action of a magnet on the discharge might be the 
cause of the “ streamers ” which are observed in the aurora; 
the rare air being electrically weaker along the lines of mag- 
netic force than at right angles to them will cause the 
discharge in the direction of those lines to be the brightest. 


Discharge through different Gases. 


I have examined the discharge through air, carbonic 
acid, hydrogen, oxygen, coal-gas, and acetylene. As I have 
already mentioned, at the highest pressures at which the 
discharge passes through air, the discharge is reddish, and 
gets brighter and whiter at lower pressures. If the discharge 
is examined through a spectroscope, the lines in the spectrum 
coincide with those obtained by sparking through air in the 
ordinary way with a jar in the circuit. The relative bricht- 
ness of the lines in the spectrum of the discharge without 
electrodes varies very much with the pressure of the gas and 
the length of spark in the jar circuit. With a long spark in 
this circuit, and the pressure such as to give a bright white 
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discharge, the spectrum is very much like that of the 
ordinary jar-discharge in air. When, however, the pressure 1s 
so low that the discharge passes with difficulty, a few lines in 
the spectrum shine out very brightly, whilst others become 
faint, so faint indeed sometimes that if the air-spectrum were 
not thrown into the field of view of the spectroscope at the 
same time, they might pass unnoticed. Three lines which are 
very persistent, the first a citron-green, the second a more 
refrangible green, and the third a blue, I am inclined to 
think must be due to mercury vapour from the pump. 

I am indebted to Prof. Liveing for the loan of a very fine 
direct-vision spectroscope, and to him and Mr. Robinson, of 
the Cambridge Chemical Laboratory, for valuable advice in 
the attempts which I made to photograph the spectra of 
some phosphorescent glows mentioned below. 

I should like to call attention to the advantages for spectro- 
scopic purposes which attend this method of producing the 
discharge ; it is easily done either by an ordinary electrical 
machine or an induction-coil. An intensely bright discharge 
is got, and there is no danger of complication arising from 
the spectrum of the gas getting mixed with that of the 
electrodes. 


Discharge in Oxygen. 


By far the most remarkable appearance is presented when 
the discharge passes through oxygen, for in this gas the 
bright discharge is succeeded by a phosphorescent glow 
which lasts for a considerable time; indeed, with a strong 
discharge it may remain visible for more than a minute. 
When the discharges succeed one another pretty rapidly, the 
phosphorescence is so strong that it hides the successive 
bright discharges, and the tube seems permanently full of a 
bright yellow fog. We can thus by the use of this gas con- 
vert the intermittent light given by the bright discharge into 
a continuous one. 

Perhaps the most striking way of showing this phosphor- 
escence is to use a long tube, about a metre long and 6 or 
7 centimetres in diameter, with a bulb blown in the middie, 
the primary coil being twisted round this bulb. Then, when 
the sparks pass between the jars, a bright ring-discharge 
passes through the bulb, from which, as if shot out from the 
ring, the phosphorescent glow travels in both directions along 
the tube, moving slowly enough for its motion to be followed 
by the eye. It cannot, therefore, be produced by the direct 
action of the light from the spark on the gas in the tube, for 
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if it were, the glow would travel with the velocity of light. 
It is necessary to mention this point, for the light from these 
discharges has great powers of producing phosphorescence. 

The glow seems to consist of gas which has been in the path 
of the discharge, and whose molecules have been split up by 
it and projected from the line of discharge. ‘This gas which, 
when projected, is in a peculiar state, by a process of chemical 
combination gradually returns to 1ts original condition, and 
++ is while it is in this state of transition from 1ts new condi- 
tion to the old that it phosphoresces. If this 1s the case we 
should expect that the period of phosphorescence would be 
shortened by raising the temperature. On trying the experi- 
ment I found that this took place to a very marked extent. 
A discharge-bulb filled with oxygen at a low pressure was 
placed over a Bunsen burner ; before the bulb got hot each 
bright discharge was succeeded by a bright afterglow, but 
as the bulb got hotter and hotter the glow became fainter 
and fainter, and at last ceased to be visible, though the bright 
ring was still produced at each discharge of the jar. When 
the Bunsen was taken away and the bulb allowed to cool, 
the glow reappeared. 

The spectrum of the afterglow is a continuous spectrum, 
+1 which 1 could not detect the superposition of any bright 
lines. The only gas besides oxygen in which I have been 
able to detect any afterglow 1s air, though in. this case the 
range of pressure within which it is exhibited is exceedingly 
small ; indeed it is often by no means an easy matter to get 
a bulb filled with air into the state in which it shows the 
glow. The spectrum of the air-glow showed bright lines ; I 
thought myself that I could see a very faint continuous 
spectrum as well. Some friends, however, who were kind 
enough to examine the spectrum, though they could see the 
bright lines clearly enough, were of opinion that there was 
nothing else visible. I endeavoured. to photograph it, but 
without success, so that the existence of a continuous spectrum 
for this glow must be considered doubtful. 

When the discharge passes through acetylene, the first two 
or three discharges are a bright apple-green, the subsequent 
ones, however, are white, and as the green discharge does 
not reappear, we must conclude that the acetylene is decom- 
posed by the discharge. 

[To be continued. ] 
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The chance of the collision in question is proportional to the 
relative velocity (v—p cos ¢) ; and in the stationary state the 
whole gain of energy is zero. Hence 


(Spe dp dp {2qp cos  (v—p cos $)? +29°v} =0. 


In the integration with respect to @ the odd powers of cos® 
vanish. Hence 


2g0| p dp e~**(qu?—p*)=05 
0 


so that 
h=1/9e", 
as in (61). : 
Terling Place, Witham, 
August 19, 1891. 


LIV. On the Discharge of Electricity through Exhausted 
Tubes without Electrodes. By J. J. Tuomson, J4A., 
F.R.S., Cavendish Professor of Experimental . Physics, 
Cambridge. 


[Continued from p. 336. | 
Phosphorescence produced by the Discharge. 


‘| Pare discharge without electrodes produces a very vivid 
phosphorescence in the glass of the vessel in which the 
discharge takes place ; the phosphorescence is green when 
the bulb is made of German glass, blue when it is made of lead 


glass. Not only does the bulb itself phosphoresce, but a piece 


of ordinary glass tubing held outside the bulb and about a 
foot from it phosphoresces brightly ; while uranium glass will 
phosphoresce at a distance of several feet from the discharge. 
Similar effects, but to a smaller extent, are produced by the 
ordinary spark between the poles of an electrical machine. 
The vessel in which the discharge takes place may be 
regarded as the secondary of an induction-coil, and the dis- 


charge in it shows similar properties to those exhibited by 


currents in a metallic secondary. Thus no discharge is pro- 
duced unless there is a free way all round the tube; the 


discharge is stopped if the tube is fused up at any point. In 


order that the discharge may take place, it is necessary that 
the molecules of the gas shall be able to form a closed 
chain without the interposition of any non-conducting sub- 
stance ; indeed the discharge seems to be hindered by the 
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presence in sucha chain of any second body, even though it may 


be a good conductor of electricity. Thus, when 
a tube such as that in fig. 7 is used, which has 
a barometer-tube attached to it, so that by raising 
or lowering the vessel into which the tube dips a 
mercury pellet may be introduced into the dis- 
charge-circuit, the spark-length in the primary 
circuit may be so adjusted that a discharge passes 


when there is a clear way round the tube, but — 


_stops when a pellet of mercury is forced up so as 


Fig. 7. 
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There is no discharge through the secondary, if it is, of such 

a kind that, considering a closed curve drawn in it, the electro-_ 
motive intensity as we travel along the curve tends to, 
olarize the particles in one half of the chain in one direction, 


and in the other half in the opposite direction, the direction 


being reckoned relative to the direction we are travelling 
round the curve. Thus, for example, if we take a tube whose 
axis is bent back on itself, as in the figure, the electromotive 
intensity will tend to polarize the particles in one part of the 
chain in the direction of the arrow, and those in the other 


to close the gangway. I noticed a similar ettect 
in my experiments with a long vacuum - tube 
described in the Proceedings of the Royal Society 
for Jan. 1891. 

I had another discharge-tube prepared, of which 
a section is shown in fig. 8, #, in which a dia- i 
phragm (AB) of thin copper plate was placed oan 
across the tube; the diaphragm happened to catch at the bottom 
of the tube, so that it divided the latter rather unequally, and 
left a narrow passage round its edge. As much of the discharge 
as there was room for went round the edge of the plate; the 


Fig. 8. 


BRB oe 


remainder was not able to get through tke copper, but formed 
a closed circuit by itself in the larger segment of the tube. 
In another tube, which is represented in section in fig. 8, B, 
the copper diaphragm was attached to the walls of the tube 
by sealing-wax, so that there was no free way ; in this case the 
discharge again refused to go through the copper, and split 
up into two separate discharges, as in the figure. When the 
tube was divided by copper diaphragms into six seoments, as 
in fig. 8,y, no discharge at all would pass through. When the 
primary was slipped up the tube above the diaphragm, a 
brilliant discharge was obtained. These four experiments all 
‘Jlustrate the difficulty which the electricity has in getting 


transferred from a gas to another conductor. 





in the opposite direction ; it is impossible to get a discharge 


through a tube of this kind. 


Fig. 9. 


On the other hand, the molecules exhibit remarkable powers 
of making closed chains for themselves when not 
actually prevented by the action of the electro- » Fig. 10. , 
motive intensity. Thus the discharge will pass 
through a great length of tubing in the secondary, 
even if it is bent up as in fig. 10, where the 
vertical piece in the upper part of the secondary. 
is at right angles to the direction of the electric 
force, and where the molecules will receive no | 
help in forming closed chains from the action of 
the external electromotive forces. I have suc- 
ceeded in sending discharges through tubes of 
this kind 12 to 14 feet in length. 


Screening Effects due to the Currents in the Tubes. 


One very noticeable feature of these discharges is th 

) e well- 
defined character of the ring, if the acne. not too ee 
Ifa large bulb is used for the secondary with the primary 
Just outside it, when the sparks pass between the jars a 
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bright, well-defined ring passes through the bulb near to the 
surface of the glass, the gas inside this ring being, as far as 
can be judged, quite free from any discharge. If now a bulb 


whose diameter is less than that of the luminous ring is. 


inserted in the primary in place of the larger bulb, a bright 
ring will start in this, though at this distance from the pri- 
mary there was no discharge in the larger bulb. Thus when 
the large bulb was in the primary, the discharge through its 
outer portions screened the interior from electromotive forces 
to an extent sufficient to stop a discharge which would other- 
wise take place. | 

The screening action of these discharges 1s also shown by: 
the following experiment. A, B, JG, . 
fig. 11, is the section of a glass vessel Fig. 11. 
shaped like a Bunsen’s calorimeter ; 1n 
the inner portion A, B, C of this vessel 
an exhausted tube is placed, while a 
pipe from the outer vessel leads to a 
mercury pump and enables us to alter 
the pressure at will. The primary coil, 
L, M, is wound round the outer tube. 
When the air in the outer tube is at 
atmospheric pressure, the discharge 
caused by the action of the primary 
passes in the tube E inserted in A, B, CO; 
but when the pressure in the outer tube 
is reduced until a discharge passes 
through it, the discharge in the inner 
one stops; the discharge in the outer 
tube has thus shielded the inner tube from the action of the 
primary. If the exhaustion of the outer tube is carried so far 
that the discharge through it ceases, that in the inner tube 
begins again. It requires very high exhaustion to do this, and 
as on account of the joints it is unsafe to make the vessel very 
hot during the pumping, I have found it impossible to keep a 
vacuum good enough to show this effect for more than from 
half to three quarters of an hour; in that time sufficient gas 
seems to have escaped from the sides of the vessel to make 
the pressure too high to show this effect, and it then takes 
from two to three hours’ pumping to get the tube back again 
into its former state. An interesting feature of this experl- 
- ment is that for a small range of pressure, yust greater than 
that at which the discharge first appears in the outer tube, 
there is no discharge in either of the tubes ; thus the action 
of the primary is screened off from the inner tube, though 
there is no luminosity visible in the outer one ; this shows 


—> Lo pump 
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that a discharge equivalent in its effects to a current can 
exist in the gas without sufficient luminosity to be visible 
even in a darkened room. We shall have occasion to mention 


other cases in which the existence of a discharge non-lumi- 


nous throughout the whole of its course is rendered evident 
in a similar way. 

Another experiment by which the screening can be effec- 
tively shown is to place the primary coil inside a_bell-jar 
which is connected with a mercury pump, the electrical con- 
nexions with the primary being led through mercury joints. 
An exhausted bulb is placed inside the primary, the bulb 
being considerably smaller than the primary, so that there is 
an air-space between the two. JBefore the bell-jar is ex- 
hausted the discharge passes through the bulb, but when the 
bell-jar is exhausted sufficiently to allow of the discharge 
passing through the gas outside the bulb the discharge in the 
bulb ceases, and the only discharge is that outside. I have 
never been able to exhaust the bulb sufficiently well to get 
the discharge outside the bell-jar to cease, and that in the 
bulb to appear again, as in the preceding experiment. In 
this experiment, as in the preceding one, there was a range 
of pressure when neither the bulb nor the bell-jar was lumi- 
nous, showing again the existence of currents in the gas which 
are not accompanied by any appreciable luminosity. 

A curious bending-in of the discharge which takes place 
in a square tube provided with a bulb can, I think, be ex- 
plained by the principle of shielding. The discharge in the 
bulb does not, unless very long sparks are used, take as its 
course through the bulb the prolongation of the direction of 
the tube, but is bent-in towards the primary. In fig. 12 
the dotted line represents the course the dis~ 


charge would have taken if there had been no Fig. 12. 


bulb, the continuous line the course actually 
taken. This bending-in can be explained by 


supposing the currents started near the pri- 


mary to shield off from the outlying space the 

action of the primary, and thus make the electro- 

motive intensity along the axis of the tube 

smaller than it would have been if no discharge 

had been possible between the axis and the 

primary circuit. ! i 
Before describing some further experiments on this shield- 

ing effect, it will be useful to consider the means by which it 

is brought about. Let us suppose we have a vertical plate 

made of conducting material, and to the right of the plate a 
Phil; Mag. 8.-5. Vol. 32. No. 198. Nov. 1891, 2H 
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recion A which it shields. This region has to be shielded 
from tubes of electrostatic induction coming from the sei 
which have to pass through the shield before reaching A, ah 
from tubes coming from the right which have to pass as 
A before reaching the field. The action of the shield in the — 
first case is very simple, for when a tube gets inside a con- 
ductor it at once attempts to contract to molecular atten 
sions, and after a time proportional to the specific ene 
of the conductor it succeeds in doing so. Thus if the shie 
is made of a good conductor the tubes of electrostatic induc- 
tion will be transformed into molecular tubes: before ey 
have time to get through; so that the shield will protect 
from all tubes which have to go through it. The way ue 
shield destroys or rather neutralizes the effect. of the tubes 
coming from the right is somewhat different: when a positive 
tube reaches the shield a negative one emerges from it, tra- 
velling at right angles to itself in the opposite direction si 
the incident tube; thus when the first few tubes reach t e 
shield from the right they will produce a supply of negative 
ones, and the presence of these negative tubes at A concur- 
rently with the positive ones which continue to arrive there 
will weaken the field to a greater and greater extent as A 
approaches the shield. At the surface of the shield itself the 
neutralization will be complete. A dielectric whose specific 
inductive capacity is greater than usual will behave in- : 
similar way to a metal plate, but to a smaller extent. It wi 
emit tubes of the opposite sign, but not so numerous as those 
incident upon it. Thus a metal plate, or even one made of a 
dielectric of considerable specific inductive capacity, will 
reduce very considerably the tangential electromotive force 
on either side of it. 

I have made several experiments in which this effect was 
very strikingly shown. In one of these, two square discharge- 
tubes of equal cross section placed near and parallel to each 
other were connected by a cross tube, so that the pressure 
was the same in both tubes; a fine wire passed round the in- 
side of one of the tubes, its ends being connected together so 
that it formed a closed circuit, the other tube contained 
nothing but air at a low pressure. When this double tube 
was placed outside the primary the discharge went, at the 
passage of each spark, through the tube without a wire, while 
the tube containing the wire remained quite dark. A similar 
experiment was tried by taking a cylindrical tube and sus- 
pending in ita metal ring coaxial with the tube; in this case 
it was easy to adjust the spark-length so that no discharge 
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passed through the tube when the primary was placed round 
it at the level of the ring, while a discharge passed as soon 
as the primary was moved above or below the ring. 

Another very convenient tube for showing this effect is 
the one with the hollow down the middle, fig. 11; when 
this is pumped so that discharges can pass through the outer 
tube the spark-length can be adjusted so that the discharge 
stops immediately when a metal tube, a test-tabe containing 
a strong solution of an electrolyte, or a tube containing air 
at a pressure at which it is electrically very weak, is placed 
in the central opening. The discharge is renewed again as 
soon as the tubes are removed. On one occasion, when the 
large tube was in a peculiarly sensitive state, I was able to 
see distinctly the diminution produced by a dielectric in the 
electromotive intensity parallel to its surface. The discharge 
stopped as soon asa stick of sulphur or a glass rod sufficiently 
large almost to fill the opening was inserted, and was re- 
newed again as soon as these were withdrawn. It requires, 
however, the large tube to be in an extremely sensitive state 
for the effect produced by a dielectric to be apparent, and I 
have only on one occasion succeeded in getting the tube into 
this condition. The effect on that occasion, however, was so 
definite and regular that I have no doubt as to the existence 
of the screening eftect due to the dielectric. 

When the tube is of average sensitiveness dielectrics do not 
produce any appreciable effect, nor can the influence of even 
comparatively so good a conductor as distilled water be de- 
tected, and it is not until after the addition of a considerable 
quantity, 10 to 20 per cent., of sulphuric acid or ammonium 
chloride, that the insertion or withdrawal of the tube stops or 
starts the discharge. 

A tube containing air at a low pressure is very efficacious 
in stopping the discharge, and the result of the comparison 
of the relative effects of an exhausted tube and a tube of the 
same size and shape containing a solution of an electrolyte 
are very remarkable. I found that an exhausted tube which 


contiined air at a very low pressure (less than 7/5 of a milli- 


metre) produced as much effect on the discharge in the outer 


tube as a tube containing at least 50,000 times as many 
molecules of ammonium chloride. This would be expressed 
in the language of electrolysis by saying that under the | 
electromotive intensity to which it was exposed in this ex- 
periment the molecular conductivity of the gas is 50,000 
times that of the electrolyte. The proportion between the 
number of air molecules and the number of molecules of ar 
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electrolyte, which produces an equal effect in stopping the 
discharge, depends upon the length of spark in the primary 
current, and so upon the electromotive force acting upon the 
air. The longer the spark the greater is the molecular con- 
ductivity of the air in comparison with that of the electrolyte. 
This indicates that the conduction through the air does not 
follow Ohm’s law. This is what we should expect, as under 
large electromotive forces more molecules are split up and 
take part in the conduction of the electricity. This great 
conductivity of rarefied gases in those cases where the elec- 
tricity has not to pass from metal &c. into the gas are in 
striking contrast with the infinitesimally small values for the 
same property which are deduced from experiments on tubes 
with electrodes. | 
I was first led to suspect this high conductivity for rarefied 
gases by observing the appearance presented by the ring-dis- 
charge in bulbs; the ring, unless the pressure is exceedingly 
low, ceases at a distance of little more than 1 centim. from 
the surface of the bulb, this thickness of conducting gas being 
sufficient to screen off the electromotive intensity from the 
‘nterior. From experiments which I had made on the screen- 
ing effect of electrolytes (Proc. Roy. Soc. xlv. p. 269), I knew 
that it would require a very strong solution of an electrolyte 
to produce screening comparable with this. ‘To compare the 
screening effects more directly than by the method just 
described 1 tried the following experiment. The discharge- 
tube, fig. 11, was pumped until the discharge passed through 
it very freely; an exhausted tube was then pushed down the 
central opening, it remained quite free from any visible dis- 
charge; the primary was now wound round a cylinder of the 
same diameter as the discharge-tube of fig. 11, and this 
cylinder was filled with distilled water. "When the tube, which 
had previously remained dark when placed in the exhausted 
discharge-tube, was immersed in the water, a brilliant discharge 
took place in it; and it was necessary to add about 25 per 
cent. of sulphuric acid to the water before the shielding effect 
of the mixture was sufficient to keep the tube dark. This 
experiment shows perhaps even more: directly than the other 


the great conductivity of a rarefied. gas under large electro- — 


motive forces when nothing but the gas is in the way of the 
passage of the current. | | 
An experiment made in this connexion illustrates the re- 
mark made before as to the large effects produced by dis- 
charges through the gas which are not accompanied by 
luminosity. A bulb A was fused into a tube B which was 





When A was at atmospheric pressure a bright discharge took 
place in B outside A; on pumping A a stage was reached in 
which no discharge could be seen in either A or B. On 
letting air into A the discharge appeared again in B; on 
pumping A still further a discharge appeared in A but not 
in B. The appearance presented by the discharge round the 


Fig. 13. 


bulb A (filled in this case with air at high pressure) is very 


remarkable. At the highest pressure at which the discharge 
passed it took the form of a thin ring round the middle of A; 
as the pressure got lower and lower the discharge broadened 
out, and at very low pressures formed for the greater part of 
its course two separate rings which ran together in the space 
between one side of the sphere and the tube. 


On the Effect produced by Conductors near the 
Discharge-tube. 


The intensity of the discharge is very much affected by 
the presence of conductors in the neighbourhood of the dis- 
charge-tube, especially conductors which have large capacity 
or which are connected to earth. Let us take, for ex- 
ample, a very simple case, that of a bulb surrounded by a 
primary which is connected to earth; in this case the ap- 
proach of the hand, or any conductor connected to earth, will 
make the discharge brighter and at the same time less well- 
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aimrounded by the primary coil OC, D. B was exhausted and | 
then sealed off, while A was left connected to the als 
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defined at the edges; touching the tube, though this is 
already connected to earth, produces a very marked effect in 
increasing the facility of the discharge. We can, I think, 
understand the reason of this if we consider the behaviour of 
the tubes of electrostatic induction. When the spark passes, 
these tubes (see p. 327) rush out from the jars and make for 
the primary ; in their journey to the primary they pass through 
the bulb and produce the discharge. Let. us suppose now 
that there is a large conductor situated somewhere near the 
bulb; the tubes, as before, rush from the jar to the primary, 
but in doing so some of them strike against the conductor; 
the tubes which do so lose the portion inside the conductor, 
acquire two ends each on the surface of the conductor, and 
swing round until they are at right angles to its surface ; 
they remain momentarily anchored, as it were, to the con- 
ductor, and if the conductor is in the neighbourhood of the 
bulb, they will in general help to increase the maximum 
density of the tubes passing through the bulb. Though these 
tubes may not approximate to closed curves, and so directly 
produce a ring-discharge, they may readily facilitate this dis- 
charge indirectly ; for even those tubes which go radially 
through the bulb may produce a elow-discharge from the 
glass into the bulb, and may thus furnish a supply of dis- 
sociated molecules through which the ordinary ring-discharge 
can pass with much greater readiness. For nothing is more 
striking than the enormous difference produced in the electric 


strength of these rarefied gases by the passage of a spark. | 


It is sometimes difficult to get the discharge to pass at first, 
but when once a spark has passed through the gas, a spark- 
length one quarter the length of that necessary to originate 
the discharge will be found sufficient to maintain it. 

It is sometimes convenient, in cases where difficulty is found 
in starting the discharge, to avail ourselves of this property 
by connecting the mercury of the pump to which the tube is 
attached with one terminal of an induction-coil, the other 
terminal of which is put to earth. When the induction-coil 
is in action, a glow-discharge fills the pump and tube, and 
while this glow exists the electrodeless discharge can easily 
be started; once having been started, it will continue after 
the induction-coil is stopped. An experiment of this kind, 
which I had occasion to make, gave very clear evidence of 
the way in which dissociated molecules are projected in all 
directions from the negative electrode in an ordinary discharge- 
tube, but not from the positive. The discharge-tube was 
fused on to the pump, and at an elbow two terminals, ¢ and 
d, fig. 14, were fused into the glass ; these terminals were 
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‘connected with an induction-coj | ] 
ee ne Stine nie: and the pressure in the 
trodeless discharge would not 
start of itself. When the coil 
‘was turned on so that ¢ was the 
negative electrode, the elec- 
trodeless discharge in the tube 
at once took place, but no effect 
at all was produced when ¢ was 
positive and d negative. We 
may thus regard the effect pro- 
duced by the presence of a con- 
ductor as due to the conductor 
catching the tubes of electrostatic 
induction, and_ concentrating 
them on the discharge-tubes. 
These tubes in many cases 
acting indirectly by producing 
a glow-discharge through the 
tube, which, by diminishing the 
electric strength of the gas 
ee discharges of any other 
ind very much easier. Though the presence of a ¢ 
near the discharge-tube will, in Beieral concentrate Ses 
of electrostatic induction on the discharge-tube more than 
Bone otherwise be the case, yet this does not always happen 
When in some positions the conductor may hold back for a 
time from the discharge-tube tubes of electrostatic induction | 
which would otherwise pass through it, and thus diminish the 
maximum density of the tubes of electrostatic induction in 
the discharge-tube, and hence tend to stop the discharge. I 
have frequently met with cases where the presence of A con- 
ductor diminishes the intensity of the discharge. One of the 
most striking of these is when the two jars are insulated, and 
a square discharge-tube used. The spark was adjusted SO 
that the discharge just, but only just, went round the tube 
A. sphere connected to earth was then moved round the dis- 
charge-tube; in some positions it increased the brilliancy of 
the discharge, and the tube became quite bright, while in 
other positions it stopped the discharge altogether. 

The observation of the behaviour of the discharges through 
these tubes is a very convenient method of studying the offent 
of conductors in deflecting the flow of the tubes of electro- 
static induction which fall upon them; for the appearance of 
the discharge is affected not merely by the average, but also 
by the maximum value of the electromotive intensity which 
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Thus a high maximum value, lasting only for 
a short time, might produce a discharge, while a more 
equable distribution of electromotive intensity having the 
same average value might leave the tube quite dark. — | 

I have employed these discharges to study the behaviour of 
bodies under the action of very rapid electrical oscillations 
in the following way. In the primary circuit connecting 
the outside coatings of the jar, two loops A and B (fig. 15) 
were made, in one of which, A, an 
exhausted bulb was placed, the spark- Fig. 15. 


length and the pressure of the gas on 
it being adjusted until the discharge 


was sensitive, z. e. until a small alter- 


ation in the electromotive intensity 
acting on the bulb produced a con- 
siderable effect upon the appearance 
presented by the discharge. The 
substance whose behaviour under 
rapid electrical vibrations was to be 
examined was placed in the loop B. The results got at first 
were very perplexing, and at first sight contradictory, and it 
was some time before I could see their explanation. The 
following are some of these results. Whena highly exhausted 
bulb was placed in B a brilliant discharge passed through it, 
while the discharge in A stopped. A bulb of the same size, 
filled with a dilute solution of electrolyte, produced no appre- 
ciable effect; when filled with a strong solution it dimmed the 
discharge in A, but not to the same extent as the exhausted 
bulb. A piece of brass rod or tube increased the brightness of 
the discharge in A; on the other hand, a similar piece of iron 
rod or tube stopped the discharge in A at once. The most 
decided effect, however, was produced by a small crucible 
made of plumbago and clay: this when put in the loop B 
stopped the discharge in A completely. I found, however, 
that by considering the work spent on the substance placed 
in B, the preceding results could be explained. When a 
large amount of work is spent in B, the discharge in A will 
be dimmed, while no appreciable effect will be produced on A 
when the work spent in B is small. Now let us consider the 
work done in a secondary circuit whose resistance is R, whose 
coefficient of self-induction is L, and which has a coefficient 
of mutual induction M with the primary circuit. If the 
frequency of the current circulating in the primary is p, we 
can easily prove that the rate of absorption of work by the 
secondary is proportional to ¥ 
RE 
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Thus the work given to the secondary vanishes when R=0O, 
and when K=infinity, and has .a maximum value when. 
R=Lp. Thus the condition that the secondary should 
absorb a considerable amount of work is that the resistance 
should not differ much from a value depending on the shape 
of the cireuit and the frequency of the current in the primary. 
No appreciable amount of work is consumed when the resis- 
tance 1s very much greater or very much less than this value. 
I tested this result by placing inside B a coil of copper wire. 
When the ends were tree, so that no current could pass through 


it, it produced no effect upon the bulb in A ; when the ends 


were joined so that there was only a very small resistance in 
the circuit, the effect was, if anything, to increase the bright- 
ness of the discharge in A. When, however, the ends were 
connected through a carbon resistance which could be 
adjusted at will, the discharge in A became very distinctly 
duller when there was a very considerable resistance in the 
circuit. This experiment confirms the conclusion that to 
absorb energy the resistance must lie within certain limits 
and be neither too large nor too small. . 3 

We can now see the cause of the differences observed when 
the substances mentioned above were put into B. The brass 
rod and tube did not dim the discharge in A, because their 
resistance was too low’ the weak solution of electrolyte 
because the resistance was too great; while the resistances 
of the crucible and the strong solution of electrolyte which 
obliterated the discharge from A were near the value for 
which the absorption of energy by the system was a maximum. 

The case of iron is very interesting because it shows that 
even under these very rapidly alternating forces, iron still 
retains 1ts magnetic properties. A striking illustration of 
the difference between iron and other metals is shown when 
we take an iron rod and place itin B, the discharge in A 
immediately stops; if we now slip a brasstube over the iron rod 
the discharge in A is at once restored. If, on the other hand 
we use a brass rod and an iron tube, when the rod is put in 
B without the tube the discharge in A is bright; if we sli 
the iron tube over the rod, the discharge stops. ; 
_ To compare the amount of heat produced in the brass and 
iron secondaries, let us take the case of an infinite cylinder 
exposed to an external magnetic force parallel to the axis 
equal to Hoe”. 

If His the magnetic force inside the cylinder at a distance 
r from the axis, H. satisfies the differential equation — 
@H , ldH _ 4rd 


dr rdr «a dt’ 
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or, since H varies as e‘?”, | 
ae eH , 1H 

| dy? so nvdr 

where n2=4sruup/o ; » being the magnetic permeability of 
the cylinder, and o its specific resistance. The solution of 
this equation is 


nrH=0; 


H=A Jo(unr)e?’, 


where J, denotes Bessel’s function of zero order. Since the 
magnetic force outside the cylinder is not affected by the 
currents we must have, if a is the radius of the cylinder, 

A Jo(ina) =H. 
Thus ; 
: Jo(unr) elt 
Joann” 
The currents induced in the cylinder are tangential, and if ¢ 
is the intensity of the current at a distance r from the axis of 


the cylinder, 


1eal——Jals 


dH. 
a ery 


(unr) aint 


————— 


ini he ° J (una) 


We shall consider two special cases: first, where the resist- 
ance is so great that na isa small quantity ; this includes 
the case of the plumbago crucible and the tube filled with 
the electrolyte. 

In this case we have approximately 


oJ tna) 1,” 


| Jo(enr) = —genr. 
Thus ; 


Amrq=—tin're?* 
AUD Hore?’ 
o 
Taking the real part of this expression we find 
= - Hor sin pt. 


The rate of heat-production per unit length of the cylinder is 


i ag*2rr dr, 
F | 
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the average value of which is 


Hy? 


16a° 


As this is proportional to the conductivity, the best conductors 
will absorb the most energy. | 
The other case which we shall consider is that in which na 
is very large. ‘This applies to the metal tubes and rods. 
In this case, 


T ju? pat, 


mr 


a 710 Faas approximately. 


Thus 
dorg= —ne—™e-") ' : re 


ne" =a+48. 
Then taking the real part of the expression for g, 


Ania a)2 
Te | z ' (2 cos pt— sin pt). 
The rate of heat-production is again 
{ og 2rrdr ; 
0 


the mean value of which is 


~ 1697. 


o 


ao ( %4r ines Srp 
1 ( a: saad v o dr 
J0 


ei a ae 


and is thus proportional to the square root of wa. Hence for 
iron and copper cylinders of the same dimensions it would be 
about 70 times as large in the iron as in the copper, assuming 
that the iron retains its magnetic properties under these ver 

rapidly alternating forces. The result explains the effect. of 
the iron in stopping the discharge. As I am not aware that 
any magnetic properties of iron under such rapidly alternating 
forces have been observed, I was anxious to make quite sure 
that the difference between iron and brass was not due solely 
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to the differences between their specific resistances. The 
first experiment I tried with this object was to cover the iron 
rod with thin sheet platinum, such as is used for Grove cells. 
‘As the resistance of platinum is not very different from that 
of iron, if the effect depended merely upon the resistance, 
slipping a thin tube of platinum over the iron ought to make 
very little difference. I found, however, that when the 
platinum was placed over the iron, all the peculiar effects pro- 
duced by the latter were absent, thus showing that the effect 
+s not due to the resistance of the iron. It then occurred to me 
that I might test the same thing in another way by magnetizing 
the iron to saturation, for in this state pm 1s nearly unity ; thus 
if the result depended mainly on the magnetic properties of 
the iron it ought to diminish when the latter, 1s strongly 
magnetized. I accordingly tried an experiment in which 
the iron in the coil B was placed between the poles of 
a powerful electromagnet. When the magnet was “ off”’ the 
iron almost stopped the discharge in A; when it was “on” the 
discharge became brighter, not indeed so bright as if the iron 
were away altogether, but still unmistakably brighter than 
when it was unmagnetized. This experiment, I think, proves 
that jron retains its magnetic properties when exposed to 
these rapidly alternating forces. 

Another result worthy of remark is that though a brass 
rod or tube inserted in B does not stop the discharge in A, 
yet if a piece of glass tubing of the same dimensions is coated 
with Dutch metal, or if it has a thin film of silver deposited. 
upon it, it. will stop the discharge very decidedly. We are 
thus led to the somewhat unexpected result that a thin layer 
of metal when exposed to these very rapid electrical vibra- 
tions may absorb more heat than a thick one. I find, on 
calculating the heating-effect in slabs of various thicknesses, 
that there is a thickness for which the heat absorbed is a 
maximum. Instead of taking the case of a cylinder, for 
which the analysis is somewhat long, I will take the case 
(which is physically almost equivalent to it) of a plain elec- 
trical wave incident normally upon a plane sheet of metal. 
Tet the electromotive intensity H in the incident wave be 
represented by the real part of the equation 


ae t- 
EK — el (P sy ae) 


the axis of # being at right angles to the plate, and the origin 
on the upper surface of the plate. The electromotive inten- 
sity H, in the wave reflected from the plate may be represented 


by the equation if 
NP ee ae Wy = bet'ri-™, 
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In the metal the electromotive intensity satisfies the 


equation 
SD as 
dw? ~ a. dt’ 


so that the electromotive intensity RE, inside the plate may 


be represented by the equation 


By = e?!{ Nem tue + Bematort | 


where 
m= {2rpp/ots. 


On the far side of the plate the electromotive intensity EH; is 


given by 
Ks — cept az) | 


__ To determine the coefficients b, c, A, B, w 
ditions that at.the surface of the plate, jue. RY és ay ie 
when v= —h, h being the thickness of the plate :— : 

(1) The electromotive intensity is continuous ; 

(2) The magnetic force parallel to the plate is continuous. 


sidan yg 1d. 
This implies that a Je 18 continuous. 
From (1) we get 
1+6=A+B, 


ce = A emMltyh + Be-mltuh. 
9 


while from (2), 
a(1—b) =(14+2) “(A 
( j= +2) i (A—B), 


ace~*= —(1 +4) ‘ (Aem( teh Be-matony, 


Bye isan simplify these equations if we remember that for 
electrical vibrations as rapid as those we are now considering 
m/amis exceedingly large. Introducing this condition we find 


a esc aMS 
m(1 +2) em tik _ g—m +h? 
Be Za em(l tye 
m(1 +4) e@ltoh— ——matih* 
Thus in the metal pl. oe 
metil p ate the electromotive intensity is oi 
by. the equation ty 1s given 


=) dle aXe 1 
2 m(1 +2) AEP ay a ereewy 





—m(1+1)(a+h) 4 EME arkyt pe 
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Let 
Zap 1 


m(1 +4) Pe ar ae 


Then, taking only the real part of the expression for Hy, we 
have ae | 
BH, =e"™'+) {a cos (pt +m(h+ z))—B sin(pt-++m(h+ 2) )5, 
4 e—mh+2) Sa cos (pt—m(h +2) ) —B sin(pt+m(h+2))}. 
The rate of production of heat per unit volume of the plate 
is H,?/o; the mean value of this at a point whose coordinate 
is @ 1s | : 
= (a2 + B2){ e2mh+a) 4 @-2mli+) + 2 cos m(h + 6) ig 


To get the rate of heat-production per unit area of the 
plate, we must integrate this with respect to # between the 
limits 2=0, e=—h. Performing this integration we find 
that the rate of production of heat per unit area of the plate is 
| i m —2m ; ney el 

eae (a? +B) fe hg —2mh 4 2 sin 2mh$ 


Substituting for «+? its value this becomes 


2a? ? (e270 — @—2mh + 2 sin 2mh) 

fom? (em® + @-?™ —2 cos 2inh) * 
To compare this with the expression we found for the solid 
cylinder, we notice that if H, e?? is the magnetic force in the 
incident wave at the surface of the plate, 


Hyp?= a. 


So that the rate of heat-production per unit area may be 


written . 
1 H2p2p? (em — em + 2 sin 2m) 


sac NS ay SS a 
2am? (er 4 @—2m*—2 cos 2h)’ 


ss Ey pop 5 ( (¢2mh — @— 2h + 2 sin 2mh) ’ 
B72 ar Re + e-em — 2 cos 2mh) f° 
The part of this expression involving & is equal to unity 
when mh is very great, that is fora thick plate ; it is, however, 
ereater than unity for some values, the smaller values of h 
For which it is a maximum satisfying the equation 


sin 2mh(e2m*— 2m") = (0). 
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When / vanishes the rate of heat-production, as given by the 
preceding expression, is infinite. We have, however, in this 
expression used approximate values for A and B. If we use 


their accurate values we find that the rate of heat-production 


vanishes when h=0, but rises very quickly to a large value 
as fh increases. e 

The slight increase in the brightness of the discharge in A 
when a brass rod is placed in B is due, I think, to the dimi- 
nution in the self-induction in the primary eicuie produced 
by this rod, whose conductivity is so good that it absorbs 
practically no heat. 

We will now return to the case of bad conductors, where 
na is small; here the absorption of energy is proportional 
to the conductivity, and we might use this method to com- 
pare the conductivity of electrolytes for very rapidly alter- 
nating currents. I tried a few experiments of this kind, and 
found, as I did in the experiments described in the €Pro- 
ceedings’ of the Royal Society, xlv. p. 269, that the ratio 
of the conductivities of two electrolytes was the same for 
rapidly alternating as for steady currents. I was anxious, 
however, to see whether these rapidly alternating currents 
could pass with the same facility as steady currents from an 
electrolyte to a metal. To try this, two equal beakers were 
filled with the same electrolyte made of such strength that 
when inserted in B they put out the discharge in A. I then 
‘placed in one beaker six ebonite diaphragms arranged so as 
to stop the eddy currents, and a similar metallic diaphragm 
in the other. he ebonite diaphragm made the beaker in 
which it was placed cease to have any effect upon the dis- 
charge in A. I could not detect, however, that the effect of 
the beaker in which the metal diaphragm was placed on the 
discharge in A was at all diminished by the introduction of 
the diaphragm. I conclude, therefore, that very rapidly 
alternating currents can pass with facility from electrolytes 
to metals, and wee versd. In this respect electrolytes differ 
from gases, the currents in which, as we have seen, are 
stopped by a metallic diaphragm in the same way as ‘the 
would be by an ebonite one. if 

It may be useful to observe, in passing, that a somewhat 
minute division of the electrolyte by the non-conducting 
diaphragm is necessary to stop the effect of the eddy currents; 
a division of the electrolytes into two or three portions seemett 


to produce very little effect. 


_ Another point which is brought ont by these experiments 
is the great conductivity of rarefied gases when no elec- 
trodes are used as compared with that of electrolytes. An 
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AHA .° Mr. CG. Tomlinson on the Ignis Fatuse 


exhausted bulb will produce as much effect on the discharge in 
A asthe same bulb filled with a solution of an electrolyte 
containing about a hundred thousand times as many mole- 
cules of electrolyte. The molecular conductivity of rarefied 
gases when the electiomotive intensity is very great and when 
no electrodes are used must be thus enormously greater than 
that of electrolytes. | 

Bulbs filled’ with rarefied gas used in the way I have 
described serve as galvanometers, by which we can estimate 
roughly the relative intensity of the currents flowing through 
the primary coils which encircle them. Used for this pur- 
pose, I have found them very useful in some experiments on 
which I am at present engaged on the distribution of very 
rapidly alternating currents among a network of conductors. 

I have much pleasure, in conclusion, in thanking my 
assistant, Mr. H. Everett, who has done the whole of the 
very large amount of glass-blowing required for these ex- 
periments, and has rendered very efficient help in other parts 
of the work. My thanks are also due to Mr. A. T. Bartlett, 
B.A., for the assistance he has given on several occasions. 


Cambridge, July 1891. 








LV. Some Remarks suggested by a popular Article on the 


Ignis Fatuus. By CHAxtEs ‘TOMLINSON, JPRS CaS 
*% 
ORG: 


NUMBER of distinguished scientific men form a com- 
mittee of the British Association for encouraging the 
teaching of science in elementary schools. In their Report 
for 1889 they say :—‘“ This year has been one of continued 
depression in regard to the teaching of science in elementary 
schools, and of disappointment in regard to legislative action.”’ 
In their Report for 1890, however, their object is said to be 
more hopeful of attainment, seeing that the New Code 1s 
favourable thereto, although it is a matter of regret that no 
special arrangement has been made for the instruction of 
pupil-teachers in some branch of science. 

In our middle-class schools, science and modern languages 
apparently require to be more systematically studied than 
they are at present, if we as a nation would maintain our 
commercial and manufacturing position with respect to other 
countries. There is hope that the various Polytechnic Institu- 
tions that are scattered about will supply the want. I have 


* Communicated by the Author. 
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W Bolometrische Arbeiten; von EF. Paschen.') 


Hr. K. Angstrém macht in diesen Annalen Bemerkungen 
zu Ansichten und Versuchen, die ich in meinen Abhandlungen 
Ueber die Emission der Gase“ niedergelegt habe, welche ich 
nicht unerwidert lassen kann, ohne dass ein bois chinchet 
Theil sogar der langwierigen fd schwierigen exper'mentellen 
Arbeit, die in meinen Abhandlungen kurz zusammengefasst ist, 
in Frage gestellt erscheint. Ich hoffe, dass das Folgende dazu 
peitragen wird, die Differenzpunkte zwischen Hrn. Angstr6m 
und mir, welche dazu zum grossen Theil wohl auf Miss- 
verstindnissen beruhen diirften, zu beseitigen, sowie auch die 
Anwendung und Controlle meines Beobachtungsmaterials zu 
erleichtern. | 
ad 2. Hr. Angstrém wendet sich gegen meine Ansicht, 
dass Hr. Angstrém, als er die Absorptionsstreifen im Spectrum 
der Kohlenséure untersuchte, bei der Berechnung des Absorp- 
tionsbetrages einen Fehler gemacht habe. Obwohl es sich 
dabei nur um eine geringfiigige Differenz von einigen Procent 
handelt, scheint mir die Sache doch wichtig genug, noch ein- 
mal genauer behandelt zu werden, zumal ich in meiner Ab- 
handlung zu wenig allgemein darauf eingegangen bin, sodass 
sie Hrn. Angstrém ziemlich schwer verstiindlich und unrichtig 
erscheint. | 
Ich wahle als concreten Fall wie frither den Haupt- 
absorptionsstreifen der Kohlensiure. Man will den Absorptions- 
betrag im Maximum der Absorption erfahren, der einer Schicht 


yon 7 cm Kohlens§ure entspricht. Zu dem Zweck beobachtet 


man erstens das Energiespectrum S, (vgl. Fig. 1), bei dem sich 


weiter keine Kohlensdureschichten im Gang der Lichtstrahlen 
befinden, als-im Apparate immer vorhanden sind. Man schaltet 
zweitens eine 7 cm _ dicke Schicht Kohlensiure ein und _ be- 
Obachtet das Energiespectrum §S,. Aehnlich verfuhr friher 





1) Anlisslich einer Notiz von K. Angstrém (Wied. Ann. 52. p. 508. 
1894) zu meinen letzten Abhandlungen. 
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Hr. Angstrém. Indem im Folgenden die Dimensionen etc. meines 
Apparates zu Grunde gelegt werden, hat Hr. Angstrém dann 
die Absorption berechnet als J, —J,/J,, wo /, und J, die 
Intensititen der zwei Spectra fiir die Wellenlinge des Maximums 
der Absorption bedeuten. Ebenso sind alle Anderen vertahren, 
welche sich friiher mit solchen Fragen | beschaftigten. Der 
theoretische Beweis hierzu, den Hr. Angstrém jetzt anfiihrt, 


kann nichts beweisen; denn er gilt, wie Hr. Angstrém selhey — 


sagt, nur, wenn die Strahlung homogen ist. Aehnlich hat Sich 
auch frither Hr. W.H. Julius schon beziiglich der »,Diffusion*: 
geaussert, welche eben die Berechnung der Absorptions- und 
Reflexionscoefficienten illusorisch mache. Dass dies der Fal] 


ist, hat Hr. Angstrém selber friiher *) erfahren, als er die 
earls Absorption verschieden dicker Dampfschichten unter. 7 


suchte. Die dort von ihm nach dem angegebenen Verfahren 
berechneten Absorptionsbetrige fiigten sich an den Stellen 
stiirkerer Absorption nicht dem Absorptionsgesetz. In der 
That enthalt jedes wenig dispergirte Spectrum SO erhebliche 
Mengen falsches Licht, dass z. B. im Falle des. ziemnlich 
breiten Hauptabsorptionsstreifes der Kohlenséure auch bei 
Schichtdicken, die sicher alles Licht der betreffenden Wellen- 


lange absorbiren, die Energie nie bis zur Null heruntergeht, 


Bei Hrn. Angstrém’s Apparat bleibt hier eine Intensitit von 
iiber 50 Proc., bei meimem eine solche von ca. 10 Proc. be- 
stehen. Diese Intensitiiten reprasentiren falsches Licht und 
machen die Anwendung des oben gegebenen Verfahrens un- 
giiltig. 


den Falle jedenfalls einen richtigeren Werth. : Sei S, (Fig. " 
die Energiecurve, welche man hier erhalten wiirde, wenn alle 
Kohlenséure aus dem Gange der Lichtstrahlen entfernt wiirde, 


und J, die Intensitét an der fraglichen Stelle, so ist es klar,. , 
0 : 


dass der Betrag J, — J, durch 7 cm + 0,8 mm a 
absorbirt wird. 0,8 mm.CO, von Atmospharendruck - 
namlich beziiglich der Absorption ungefihr gleichwerthig ie, 
der vom Licht durchstrichenen Kohlensiure der Zimmerlu 


1) K. Angstrom, Phys. Rev. 1. p. 604. 1892.. 


Das von mir angegebene und angewandte, von Hrn. _ 
Angstrom aber beanstandete Verfahren ergiebt im vorliegen- 


46° bis 29°, wo starke und breite Absorptionen des 
‘Zimmerlutt liegen, ist diese Construction ebengo Ww 


6€z0gen habe, und die Hr. Angstrém beso 


‘hochmals bemerkt 
“haten habe. 


dusgefallen. 
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auf der 83 cm langen Strecke zwischen der Knergiequelle und 
dem Bolometerstreif bei meiner Anordnung. Diese 0,8 mm 
kommen beziiglich dieser Absorption gegen 7 cm Kohlensiure 
nicht in Betracht, sodass ich sagen konnte, 7 cm CO, absor- 
biren J, — J,. a 

Die Intensitiét J, kann man nicht ohne die empfindlichsten 
und kostspieligsten Anordnungen (Vacuumspectralapparat oder 
dergleichen) beobachten. Ich finde diese Intensitit ungefihr, 
indem ich den Curvenzug der ‘Energiecurye yor und hinter 
dem Absorptionsstreif fiir dag Absorptionsgebiet der Kriim- 


mung folgend graphisch interpolire. Tn dem vorliegenden 1 
Falle ist so J, aller Wahr- : 


scheinlichkeit nach mit 
ausreichender Genauigkeit 
construirt. 

ch mache nach dem 
Vorstehenden zur Berech- 
nung des Absorptions- 
betrages den Ansaty 


JI, —J,/d,, 


- und habe in meiner Arbeit 
' gezeigt, dass im angezoge- 


nen Halle diese Berech- 

nung eine um 6 Proc. 3 

hohere und richtigere Ab- > Wellent. 
sorption ergiebt, als die : 


: Berechnung nach dem Fig. 1. 
- Ansatz J,—J,/J,, 


talsches Licht, die an der betreffenden Stelle meines Spectr 


den Grund hierfiir bilden die 10 Proc. 


ulm 
1) In anderen Fallen, z. B. fiir dag Gebiet meines Spectrums von 
Wasserdampfes der 
ahrscheinlich nicht 
hier in meiner Abhandlung 
nders beanstandet, schreibe 
Hr. Angstrom jetzt p. 512 
niedere, als zu hohe Ordi- 
angegebenen A bsorptions- 
tzu niedrig, als zu hoch 


pehau genug. Von der Linie, welche ich 


Itch p. 11 meiner Abhand 


betrige sind 


Ann. d. Phys. u. Chem. NB 63; 19 
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den Bolometerstreif treffen. Wire dieser Apparatfehler nicht 
vorhanden, so miissten die Berechnungen /, — J,/J, und 
J,—J,/J, im vorliegenden Falle gleiche Werthe ergeben. 
Beobachtet man die Absorption bei nur einer Schichtdicke 
oder kennt man bei Beobachtungen mit mehr Schichtdicken 
diese Schichtdicken nicht genau, kennt man weiter den Betrag 
der diffusen Strahlung im Spectrum nicht genau, so kann man 
keinen richtigeren Werth fir die Absorption angeben, als den 
nach der Formel J, — J,/J, berechneten. Darum habe ich 


alle meine Angaben iiber die ungefahre Starke der Absorption 


nach diesem Ansatz berechnet. Diese Angaben habe ich 
nur als ungefaéhre bezeichnet. Sie sind sicher richtiger als 
Angstrém’s Angaben. Sie sind aber ebenso sicher noch zu_ 
klein, und zwar um so mehr, je starker der Betrag deg. 
falschen Lichtes, oder je schmaler der Absorptionsstreif ist. 

Ich méchte nun im Folgenden zeigen, wie man durch 
zweckmissig angeordnete Beobachtungen trotz der Apparat- 
fehler den genauen Werth der Absorption ermitteln kann und 
diese Apparatfehler zugleich mit erfahrt. 


Wir beobachten fiir das oben behandelte Beispiel bei 


noch einer dritten Dicke der Kohlensiureschicht die betretiende 
Energiecurve, nennen die drei Schichtdicken d,, d,, d;, wo 
also d, 0,8 mm bedeutet entsprechend der CO, der Zimmerlutt. 
Die drei dazu beobachteten Intensitéten seien J, , J, und J,. 
Wir nennen a den Bruchtheil der Intensitat 1, welcher von 
einer 1 mm dicken CO,-Schicht von dem homogenen Licht an 
der angezogenen Spectralstelle absorbwt wird. Schliesslich sei 
der Betrag des falschen Lichtes an dieser Stelle bezeichnet 
mit 7. Es bestehen alsdann die drei voneinander unabhangigen 


_ Gleichungen: 


(J, —i(l—a)t#=4,—2 
OA ONS ag 
(J, axa 2) (1 pais a) — J. — 1,¢ 


Aus ihnen kann man /,, a und 7 berechnen. 


-In meinen Versuchen sind die Dicken d nicht so genat ~ 


bekannt, dass man nach diesem Schema sehr genaue Werthe ~ 
erhalt. Ich will nur bemerken, dass fiir den angefiihrten Fall — 
sich aus meinen Versuchen ungefahr ergeben wirde i=11 Prot © 


; Werth von @ und 2.) 


 publicirten Zahlen, um die Berechnung zu machen. 
_ Absorption, die der Schichtdicke 1 bei A 
und seien ow, und «, die von Hrn. Angstrém fiir die Schichtdicke 1 und 2 
_ angegebenen Absorptionen, J, und J, die dazu gehérenden iibrigbleibenden 
- beobachteten Intensitaéten und J’ die Intensitét vor der senna igs Sei 
_ ferner 6 das Verhiltniss der Intensitéit des falschen Lichtes zu ae ads 


Gesammtlichtes an der Spectralstelle, so hat , 
- chungen: : man die folgenden Glei- 
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' und a=0j37, d. h. dass hier 11 Proc. falsches Licht auf den 
Bolometerstreit fallt und dass 1 mm CO, 37 Proc. von der 
Wellenlinge 4,3 uw ausléscht. 

: Im betrachteten Falle ist die absorbirende Substanz ein 


_ Gas , welches auch in der Zimmerluft vorkommt. Daher er- 


hielten wir so auch J. Fiir andere Gase wird man das 
Spectrum J, beobachten und noch zwei Absorptionscurven bei 
gwei verschiedenen Dicken des Gases. Man stellt dann nach 
obigem Schema zwei Gleichungen auf, in denen J, nicht, statt 


dessen aber /, vorkommt und erhalt dann nur den wahren 


| 1) So wird Hr. Angstrom diese Werthe aus seinem Beobachtungs- 
material tiber die Absorption der Gase und Dampfe berechnen kénnen 
; y) 


' soweit er hierbei zwei verschiedene Schichtdicken untersucht hat. Er 
_ wird finden, dass die wahren Absorptionen sehr weit abweichen von den 
yon ihm in den Tabellen aufgefiihrten 


, und dass ¢ sehr grosse Betrige 
Es gentigen die von Hrn. Angstrém 
Sei a@ die wahre 
ngstrém’s Versuchen entspricht, 


jn seinem Spectrum erreicht. 


og Paypils a ad 
5 Cars ’ Oy Ta US (Bad ; 
Te as Renin Glens 


1—(1 — a)? = Lae Deen 
( ) 4 GY y) Oot i 


aus ihnen folgt: 


& = a(1 — B) 
Og == Ce (a Oe — (). 


; Fir a und ( berechnet sich hieraus: 


2 —= pia 
Ot Ot es 2 
1 9 B 2 Oty Oty Oly 








OL (3 


. Z. B. folgt fiir Methan aus den Angaben o, = 49,4 und oa, =58,8 bei der 
eon lsinge 60mm und fiir die Stelle 39122’ in Een Aen asteome: 
ie UE bys- Rey. 1. p. 604. 1894) fiir a der Werth 81,0 Pree somaieend 
4 i nestr6m in seiner Labelle auffiithrt o, = 49,4 Proc. Ebendort 
‘Yewiigt das falsche Licht 6 = 39 Proc. des Gesammtlichtes. Das ist sehr 
Viel, da das betrachtete Maximum ausserordentlich breit ist. 


19* 
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Ist der absorbirende Kérper kein Gas, sodass auch Re- 
flexionen in Betracht kommen, so muss ausser a und 2 noch 
eine diese Reflexionen beriicksichtigende Constante als Un. 
bekannte mit eingefiihrt werden. Man braucht daher noch 
eine unabhangige Beobachtung mehr. Seien dann 7, und r, 


die Bruchtheile der Intensitit 1, die an der Vorder- und — 


Riickwand der Schicht reflectirt werden, und bedeute 
k=(1—7,)( —17), 


so hat man, falls J’ jetzt die Intensitat bedeutet, die oben 
mit J, bezeichnet ist und J, die Intensitéten, die den 
Dicken d, der absorbirenden Substanz entsprechen: 


(J — a) RA — a=, — iv = 1, 2, 3). 


Voraussetzung fiir die Anwendung dieser Formel ist natiir- 
lich, dass die drei Platten von den Dicken d, gleiche Ober- 
flichenbeschaffenheit fiir die Reflexion besitzen. 

Durch das Vorstehende glaube ich nicht nur den § 2 der 
Bemerkungen. des Hrn. Angstrém richtig gestéllt, sondern auch 
Vieles von seinen Bemerkungen sub 4 klargestellt zu haben: 
z. B. den Einwand von Hrn. Angstrém, dass mein Beobachtungs- 
material zu diirftig wiedergegeben ist, sodass die weetere An- 
wendung sehr verringert wird. 

Da man ja doch durch solche Versuche, wie sie von mir 
angestellt sind, den richtigen Werth von a nicht erhalten kann, 
sondern nur einen angendherten, zu kleinen, habe ich geglaubt, 
eingehenderes Zahlenmaterial aus der Publication fortlassen zu 
sollen. Ich wiisste nicht, was man mit den sehr vielen Zahlen- 
tabellen anfangen wollte, wenn ich z. B., wie die Hrn. Ang- 
strém und Julius Absorptionscurven in Zahlen tabellenmissig 
aufgefiithrt hatte. Ich glaube nicht, dass das so von diesen 
Herren publicirte Zahlenmaterial, welches doch nach Obigem 
sehr von den Higenthiimlichkeiten des benutzten Apparates 
beeinflusst und vielfach nicht vollstindig genug zur Berech- 
nung der wahren Werthe von a ist, eine weitere Anwendung 
gestattet, als meine Zeichnungen, zu denen einfach die charac- 
teristischen Punkte des Spectrum noch einmal mit ihren Wellen- 
langen und ihren Higenschaften im Text aufgefithrt sind. Man 
findet so den Absorptionsstreifen im Text bezeichnet, erfahrt 
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dort seine angenaherte Intensitaét und kann ihn sich im Uebrigen 
noch an der wiedergegebenen Curve ansehen. Ich habe so 
dank der ausserordentlichen Bereitwilligkeit der Redaction 
dieser Annalen beztiglich der Tafeln viele Seiten der Annalen 
sparen konnen. 

Bezieht sich dies auf die Anwendung meines Beobachtungs- 
materials, sO steht es mit der Controlle desselben, deren Még- 
jichkeit Hrn. Angstrém zu klein erscheint, anders. 

Ich habe in meiner ersten Schrift eine Energiecurve in 
extenso auigefiihrt, wie sie beobachtet ist, und glaubte damit 
genugsam erwiesen zu haben, dass das, was ich an Zeich- 
nungen gebe, ohne Beobachtungspunkte einzutragen, eben 
weiter nichts ist, als der den Beobachtungspunkten genau ent- 
gprechende Curvenzug. Hrn. Angstrém scheint nicht nur 
dies zu wenig, sondern er schreibt sogar iiber die von mir 
wiedergegebenen Curven: ,,Es scheint mir auch, dass einige 
dieser Curven nicht ganz genau die wahren Verhiiltnisse dar- 
stellen‘. Ich nehme an, dass dieser Satz sich nur auf die 
yon mir selbst als ,,ungefithre bezeichneten Ausfillungen der 


' Absorptionsstreifen beziehen soll, und sehe mich demgemiiss 


durch diese Aeusserung des Hrn. Angstrém nur veranlasst 
auch noch eine der von mir in meiner zweiten Abhandline 
wiedergegebenen Curven in extenso zu begriinden und von ihe 
eine Zeichnung beizulegen, in der die Beobachtungspunkte ein- 


7 getragen sind. 


Bei weitem die schwierigsten Messungen dieser Arbeit 


» waren die p. 283—28 beschriebenen, in denen erhitzte Kohlen- 


stiure 1. beziigl. ihrer Emission und 2. beziigl. ihrer Absorp- 
tion untersucht wurde. Ich w&hle aus ihnen eine Messung 


-und zwar diejenige, welche zu den Curven 5 und 6 Fig. 8 


meiner Abhandlung fihrte. Ich méchte namlich gelegentlich 
dieses Beispieles noch eine Ansicht von Hrn. Angstrém er- 
wihnen, welche er p. 512 aussert, indem er sagt: ,,Kin nicht 


| absolut schwarzer Kérper, von einem Gase mit Absorptions- 


maxima umgeben, diirfte nimlich in Folge des Gases primiir 
eme verstairkte Strahlung in den Gasmaxima zeigen’. In dem 
jetzt zu besprechenden Falle war die Gelegenheit fir eine 


' Ssolche Verstarkung der Strahlung des berussten Platinstreifs 
: Sehr gunstig, weil das ihn umgebende Gas eine Temperatur 
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hatte, die der des Streifs nahe kam. Es geht aus dem Fol. II. Absorption dieser Kohlensaure (I. c. Curve 6, Fig. 8). 
genden hervor, dass in der Curve 6 nicht das geringste An- eee 
zeichen von einer primar verstirkten Strahlung vorhanden ist, Minimal- se bn 3 zuriick pe 
xs ey : usschlag Ausschla be 
Ks kommt also entweder die von mir benutzte Knergiequelle : _ ablenkung — einzeln | Mittel | einzeln Mittek Pittbol 
dem absolut schwarzen K6rper sehr nahe, oder der Satz deg _ ——S= : 
Hrn. Angstrém bezieht sich auf eine fread dfeli prinire i age oe" ee MOLoe 9 
Verstairkung der Strahlung. ) — | 250.0 ne 
Beobachtung am 4. October Morgens. Kohlensiure in dem “yy 28° 42,5 FeO 195 
7 cm langen Absorptionsrohr, welches durch einen unterge- — . 
setzten Brenner erwirmt wird. 
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I. Emission dieser CO, (vgl. l. ¢. Curve 5, Fig. 8). ‘ = ; ; : 150,4 
Temperatur der CO, im Rohr 381,7° C. : a hie 
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1) Die Zahlen unter ,,zur tick” sind nach der Messung der Absorption "7 | | 243.9 ' 
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F. Paschen. 


Man sieht, dass genau, wie in dem Beispiel meiner ersten 
Arbeit hin- und riickliufige Beobachtungen angestellt sind, ein 
Verfahren, welches wegen 
der ~Schwierigkeit, den 
CO,-Strom und die Tem- 
peraturen constant zu hal- 
ten, fiir den vorliegenden 
Fall nothwendig war. Fig. 2 

- enthalt die graphische Dar- 
stellung dieser Punkte. So 
finden sich die Curven 5 


oS 


/ 
O 
/ 


und 6 der Fig. 8 meiner 
friiheren Abhandlung in © 


Fig. 2 mit den Beob- 
‘achtungspunkten noch ein- 
mal. 

ad. 3. Hr. Angstrém 
claubt, dass meine Spec- 


x 
oS 
. 
x 
e 
(o,) 
(.) 
g*) 
(-) 
Ga ts 
“I 


{) 

__& 
fom 

a irate 


die gréssere Dispersion 
schirfer geworden sind. 
Ich gebe hierunter.an, ein 
wie grosser Spectralbezirk 
in w den Bolometerstreiten 
bei Hrn. Angstrém !) und 
mir deckte und zwar bei 
den Wellenlangen 2,6 u 
und 4,8 uw, wo die 2 Strei- 
fen der CO, liegen. 

Man sieht hieraus, 
dass Hrn. Angstrém’s 
Ansicht fir 4,38 w sicher- 
lich zutrifft, da hier meine 
Dispersion 3,82mal grésser 
war. Fir 2,6 mw ist aber 

meine Dispersion nur 1,41 mal grésser. Trotzdem erhalte ich 
auch hier eine ca. 2,5 mal stirkere Absorption der CO,, als 


o» 


©. 
© 
« 





1) K. Angstrém. Ofrersigt’ af kongl. Vetens. Akad. Férh. Stock- 


holm. 9. p. 549. 1889. 


tren hauptsichlich durch 
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' gr. Angstr6m. Wenn demnach die gréssere Dispersion auch 
mebr zu meinen Gunsten wirkte, als ich in meiner Abhand- 
jung annahm, so glaube ich doch, dass auch die Spiegel noch 
etwas zur Schirfe beigetragen haben, und dass sie im ultra- 
~ yothen Spectrum den Linsen entschieden vorzuziehen sind. 











bei der Wellenlinge 2,6 u | 4,3 u 











Wellenlaingen- Angstrom’s Bolometer | 0,362 0,645 > 
bezirk aut Paschen’s Bolometer 0,256 0,169 


Verhiltniss 1,46 | 3,82 








Zu der sub 5. von Hrn. Angstrém angegriffenen Schluss- 


folgerung tber die Ermittelung der Sonnentemperatur habe 
ich eine nothwendige Voraussetzung, die dort nicht besonders 
‘hervorgehoben ist, hinzuzufiigen. Die Emission der Sonne 
- muss namlich auch noch eine Temperaturemission sein, wenn 


der Schluss dort richtig sein soll. Dann aber weiss ich nicht, 


S was Hr. Angstrom hieran nicht richtig findet. Ob die Vor- 
 aussetzung, dass die Sonne gasférmig ist, zutrifft, daritiber habe 
ich doch gar nichts gedussert. 


Zu meinem von Hrn. Angstrém als nicht neu und nicht 


gentigend beweiskraftig erklirten Versuch betr. der Anschau- 
- ung von Z6llner und Wiillner, dass Gase von hinreichend 
-grosser Schichtdicke ein continuirliches Spectrum aussenden, 
-muss ich noch bemerken, dass es bei den von Hrn. Angstrém 
nicht n&her bezeichneten alteren Versuchen doch auch noch 
darauf ankommt, wie genau das Fehlen der Absorption durch 
sie constatirt ist. Dass schon Intensit&tsmessungen im Spec- 
trum mit emer. Genauigkeit von 1,5:4000 angestellt sind, ist 
“mir nicht bekannt. Dass die Kohlensiure in ihrem Absorp- 
tionsmaximum bei 7 cm Schichtdicke alles Licht absorbirt, 
-ausserhalb desselben aber bei 33 cm Dicke und der ange- 
gebenen Genauigkeit nichts, dtrfte doch wohl etwas dagegen 
‘Sprechen, dass alle Kérper, welche wir kennen, fir irgend 
eine Wellenlinge immer ein endliches Absorptionsvermégen 
“besitzen. Auch der Umstand, dass dieser Absorptionsstreif 
‘nicht breiter wird, wenn: die Schichtdicke ca. um das 40fache 
‘vergrossert wird, (1. c. p. 84) diirfte gegen die Ansicht von 
4éllner und Wiillner sprechen. 





















































































































































F. Paschen. 


Zu der Constatirung des zweiten geringeren Maximums der 
Kohlensiiure ist zu bemerkén, dass an derselben Stelle ein 
kriftiger Absorptiosstreif des Wasserdanpfes liegt. Da Hr. Ang. 
strém diesen nicht kannte, konnte er garnicht wissen, ob sein 
Trockenverfahren geniigte, um den Wasserdampf in seiner 
Rohre soweit zu beseitigen, dass nicht Spuren von ihm das 
winzige Absorptionsmaximum von der Intensitat 10,6 Proc. 
bei 2,6 w verursacht haben. Darum habe ich dies mit einer 
verschlossenen und mit Phosphorsiureanhydrid und CO, be- 


schickten Riéhre noch einmal untersuchen zu sollen geglaubt. 


Aus der hierbei erreichten Trocknung 1. c. Fig. 4, Curve 1 und 
der mir bekannten Absorption einer annaihernd bekannten Menge 


Wasserdampfes konnte ich den sicheren Schluss ziehen, dass 4 


die CO, hier ebenfalls ein schwacheres Absorptionsmaximum 
haben miisse. _ : 

Schliesslich gibt Hr. Angstrém (sub. 6) eine seiner 
Meinung nach geniigende Erklirung von der von mir beob- 
achteten Verschiebung der Intensititsverhiltnisse in den meisten 
der von mir untersuchten Emissions- und Absorptionsstreifen 
der Kohlensiture und des Wassergases. | 

Ich habe geglaubt, in meinen Abhandlungen Erklirungs- 
versuche dieser héchst auffalligen und aus dem sichtbaren 
Spectrum nicht bekannten Erscheinungen beiseite lassen, datiir 
die Thatsache selbst aber nach allen nur irgend méglichen 
Richtungen hin und von méglichst verschiedenen Gesichts- 
punkten aus untersuchen zu sollen. 

Dabei hat sich Folgendes ergeben: 

1. Lisst man immer modglichst dieselbe Menge Gas pro 
Zeiteinheit in diinnem Strome durch die spiralige, vermittelst 
des electrischen Stromes erhitzte Platinréhre streichen und 
variirt dabei nichts, aly die Temperatur des Platins und somit 
des Gases, so zeigt sich im Spectralstreif eine deutliche Ver- 
schiebung der Intensitit und zwar meistens derart, dass das 
Maximum der Intensitit mit wachsender Temperatur nach 
lingeren Wellen riickt. Hierbei sind die Gastemperaturen 
variirt von 200° C. bis 1200° C. | 


2. Das Maximum des Absorptionsstreifens des Gases von 


Zimmertemperatur resp. 100°C. liegt entspréchend dem sub 1 
Angefithrten noch etwas mehr nach kurzen Wellen, als das 
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Maximum des Kmissionsstreifens bei der tiefsten Temperatur, 
pei der noch eine Emissionscurve beobachtet werden konnte. 

Diese beiden Sitze sind dann fir den Hauptabsorptions- 
streif der Kohlens&ure noch etwas weiter untersucht. So findet 
sich z. B., dass die entsprechende Strahlung des Bunsenbrenners 
durch Kohlensiure so absorbirt wird, dass die langen Wellen- 
Jangen des Emissionsmaximums eine viel geringere Absorption 
erleiden, als die kurzen 1. c. Fig. 5. 

Ferner: Bringt man hoéher erhitzte Kohlensiure vor den 
Spalt und dahinter eine Energiequelle, deren Spectrum an 
dieser Stelle nicht so intensiv ist, wie der Emissionsstreif 
der CO,, so erhalt man ein Spectrum, in dem 1. bei lingeren 
Wellen ein Emissionsstreif der heissen, 2. bei kiirzeren Wellen 
ein Absorptionsstreif der kalten im Apparat etc. befindlichen 
GO, vorhanden ist (I. c. Fig. 8, Curve 8). Bei niederen Tempera- 


turen der CO, zeigt bei dieser Versuchsanordnung das Spectrum 


der Hnergiequelle nicht die geringste Erhebung an der Stelle, 
wo bei héherer Temperatur der Emissionsstreif tiberragt, so 
dass sicherlich in Folge des Gases hier primar keine merkbare 
yerstirkte Strahlung des festen Kérpers vorhanden ist. 

3. hat sich ergeben, und das ist fiir die Beurtheilung des 
Erklarungsversuches des Hrn. Angstrém von Wichtigkeit, dass 


-die Form der Absorptionsbander der Gase CO, und H,0O 


immer dieselbe bleibt, wenn man die Schichtdicke des absor- 
birenden Gases ca. um das 400fache vergréssert, wobei die 
Intensitat der Absorption von 30 Proc.: bis zu 100 Proc. wichst. 
Speciell ist dann stets genau dieselbe Lage des Maximums der 
Absorption vorhanden. Ebenso findet mit der Schichtdicke 


' keine merkliche Verbreiterung der Streifen. statt. 


Nun meint Hr. Angstrém, dass die Verschiebung nur 
scheinbar und eine Folge der asymmetrischen Verhiltnisse in 


q ger Umgebung des Maximums sei.1) Wenn das emittirende 
Gas (Versuchsanordnung sub 1 oben) heisser sei, sei die absor- 
_birende Hiille dicker. Hine Folge dieser verschiedenen A bsorp- 


a 1) Hierdurch kann sich die Lage des Maximums mit der Schicht- 

q dicke in Wirklichkeit nicht. dndern. Aber sie wiirde einem relativ breiten 
 Bolometerstreifen wegen der Forminderungen in der Umgebung des 
_Maximums veriindert erscheinen. 
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tion bei verschieden dicken Gashiillen sei die beobachtete — : 


Verschiebung des Absorptionsmaximum. ; 
Dazu ist zu sagen, dass dabei doch nur eine unbedeutende 
Vergrésserung der Schichtdicke des absorbirenden Gases ein- 
treten kann, und dass doch bei einer jedenfalls unvergleichlich 
viel stirkeren Vergrésserung der Schichtdicke (Versuchs. 


anordnung sub 8 oben) keinerlei Wanderung des Maximums — 


der Absorption und keinerlei Forminderung des Absorptions. 
bandes hat constatirt werden kénnen. Diese Thatsache habe 
ich p.27 meiner zweiten Abhandlung schon besprochen und 
dort auch schon die nun von Hrn. Angstrém aufgestellte Kr- 
klarung als unzulissig zuriickweisen miissen. Ich vermag zu 


dem dort Gesagten nichts Neues hinzuftigen, muss aber diese | 


Griinde nachdriicklich nochmals hervoheben. Ich glaube nicht, 
dass die von Hrn. Angstrém vorgeschlagene Erklirung an- 
nehmbar ist. Hr. Angstrém kennt aus eigener Erfahrung 
die starke Verschiebung der Intensititsverh&ltnisse in den 
Absorptionsstreifen von Flissigkeiten mit der Schichtdicke, die 
ich ebenfalls in meiner dritten Arbeit am fliissigen Wasser 
constatirén konnte, und-die mit einer starken und oft nach 
beiden Seiten ungleichen Verbreiterung verbunden ist. 

Aber die Intensititsverhiltnisse in den Streifen der Gase 
sind im Gegensatz dazu von der Schichtdicke nicht merklich 
abhingig. | | 

So lieb es mir gewesen wire, wenn ich die Erscheinung 


auf derartige Ursachen hatte zurtickfithren kénnen, um diese - 


eigenthiimliche Discrepanz mit den Grundlagen der Spectral- 
analyse von Kirchhoff und Bunsen beseitigt zu sehen, so 


wenig, glaube ich, sind bisher bekannte Erscheinungen:hierzu 


geeignet. Aber Schliisse aus dieser Erscheinung zu ziehen, 


oder sie mit bisher nicht bekannten Anschauungen zu erklaren, 1 


wage ich nicht, ehe diese Sache nicht mit grésserer Dispersion 
bearbeitet ist, sodass man weiss, was diese Streifen sind, und 


wie sich bei grésserer Dispersion die Wanderung der Intensitat — 
zeigt. Won Untersuchungen mit Rowland’schen Gittern wiirde ~ 
ich glauben, dass in dieser Beziehung Aufschliisse zu erlangen ~ 


waren. 
Hannover, Juni 1894. 





| ' by Ueber die Dispersion des Fluorits im Ultra- 


roth; von F. Paschen. 
(Hierzu Taf. III Fig. 1-5.) 





Das ultrarothe Spectralgebiet befindet sich beziiglich der 


Wellenlingenbestimmungeu in einem eigenthiimlichen Nach- 
" theil gegentiber den Gebieten kiirzerer Wellenlinge. Der Grund 
 jiegi an den Forschungsmethoden. Wahrend die Photographie 
und die Benutzung der Gitter die kiirzeren Wellenlingen jetzt 
' mit einer Genauigkeit von ca. 1/,,, A.-E. zu bestimmen ge- 
 gtatten, ist es 1m Anfangsgebiete des Ultraroth erst einmal 
~ gelungen, Messungen mit dem Gitter zu machen, deren Ge- 
nauigkeit wenigstens annihernd mit derjenigen der Messungen 
_ im sichtbaren Theil vergleichbar sind. Hs sind das die Messungen 
yon Abney und Abney und Festing. Diese Forscher stellten 
_ sich eigenthtimliche ultrarothempfindliche Bromsilbercollodium- 
platten her und photographirten das Prismen- und Gitter- 
' spectrum mit einer bis dahin nicht gekannten und bisher nicht 
_wieder erreichten Genauigkeit. Die genauen Messungen von 
Abney erstrecken sich nicht tiber 1,2 4 hinaus. Erreicht 
scheint die Wellenlinge 2,7 w zu sein. Fir langere Wellen 
sind diese Platten nicht mehr empfindlich. Bis hierher scheinen 
“sie aber allen anderen Beobachtungsmitteln weit iiberlegen 
“zu sein. 


Anders steht es mit dem Gebiete der lingeren Wellen. 


Hierfir kennt man bisher keine photographischen Platten und 
“ist allein auf die erwirmende Wirkung des Spectrums und die 
_ Thermo-Apparate zu ihrer Messung angewiesen. Diese Messungen 
» stehen beziiglich der Genauigkeit weit zuriick hinter den photo- 


{ sraphischen Bestimmungen und zwar besonders aus folgenden 
_ Griinden. | 


Die Apparate zur Wahrnehmung der langen Wellen sind 


“nicht empfindlich. Wenn man auch in letzter Zeit ) Bolometer 
| angetertigt hat, mit denen eine Strahlung nachgewiesen werden 





1) . Paschen, Wied. Ann. 48. p. 272. 1893. 
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kann, die einen ditnnen berussten Metallstreifen um ein Millionte] 
Grad Celsius oder sogar weniger erwairmt, so klingt das zwap 
erstaunlich; aber es bedeutet doch nicht viel. Denn weny 
man in einem stark dispergirten Gitterspectrum z. B. Wellen. 


langen von Linien mit einer Genauigkeit messen will, die. 7 


wenigstens angendhert den Messungen im sichtbaren Gebiet 
entspricht, also etwa bis auf 1 A.-E. Boneu so reicht diege 
Empfindlichkeit noch nicht aus. 


Der eigenthiimliche Vortheil der Photographie, dass man ‘ 


durch Verlingerung der Exposition relativ schwache Licht. 
wirkungen durch Summirung wahrnehmen kann, findet sich 
beim Thermo-Apparate nicht. ; 

Der Vortheil der photographischen Messung, dass die 
Platte nach der Fixirung mit grosser Bequemlichkeit und 
Genauigkeit untersucht werden kann, steht einer Messungs. 
methode beim Bolometer gegeniiber, die noch viel umstand- 
licher und schwieriger ist, als die oculare Durchmessung: deg 
sichtbaren Gebietes. Will man z. B. die Spectrometereinstellung 
einer Linie bestimmen, so lasst sich dies ocular immerhin in 
1/, Minute oder weniger mit aller Genauigkeit machen. Die 
bolometrische Bestimmung erfordert eine Reihe von Intensitits- 
messungen, die 1/, Stunde oder linger dauern. 

Dagegen hat die bolometrische Messung einen Vorzug, der 
allen anderen Methoden fehlt. Sie ergiebt die relativen In- 
tensitatsverhaltnisse der benachbarten Sjpectralstellen mit eimer 
ziemlichen Genauigkeit. Es heisst diesen Vortheil wieder auf- 
geben, wenn einige Forscher in neuester Zeit die bolometrischen 
Energiecurven umwandeln in Spectren, welche durch Schatti- 


rungen die Linien oder Banden darstellen sollen. Man sollte 


im Gegentheil versuchen, aus den Schwarzungen photographischer 
Spectralaufnahmen Energiecurven dieser Spectren herzustellen. 

Nach dem Vorstehenden ist es klar, dass es weniger In- 
teresse hat, das Gebiet bis 2,7 mu, fiir welches photographische 
Messungen moglich sind, mit dem viel umstindlicheren bolo- 
metrischen Apparate zu bearbeiten. Dagegen ist es sehr nttz- 
lich, das Gebiet der langeren Wellen genaueren Messungen 
zu erschliessen. 

In dieser Beziechung ist bisher wenig erreicht. Zunichst 
hat man bei der Darstellung der langwelligen Spectren die 
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Wahl zwischen einem Reflexionsgitter und einem Prisma. 
wibrend im Gitterspectrum die Wellenlingen leicht und sicher 


 pestimmbar sind, ist dies im Prismenspectrum bisher viel um- 
© .tandlicher und ungenauer zu machen. Aber das Gitter hat 


andere, sehr grosse Nachtheile. Erstens ist die Intensitat der 


q Beugungsspectren im allgemeinen gering. Zweitens lagern sich 


pei diesen langen Wellen eine Reihe von Spectren héherer Ord- 
nuns iiber dasjenige erster Ordnung. Will man Linien messen, 
so ist das kein principieller Nachtheil, da man. ja- die nied 
kurzerer Wellenlange, die hier liegen, ont: Die bolometrische 


Messung wiirde dadurch nur erschwert. Fir bolometrische 


Ausmessungen von Banden ist ein Uebergreifen héherer Ord- 


- nungen schon gefahrlicher und fiir die Messungen an continuir- 


lichen Spectren wird dieser Umstand vollends verhingnissvoll. 
Man wird also das Gitter im allgemeinen nur fiir Linien- 
gpectren anwenden kénnen. Besser wird aber auch hierfiir das 


jichtstiirkere Prismenspectrum dienen, sobald man seine Wellen- 


lingenscala genau genug festgelegt hat. 
Die Prismen, die hier verwendbar sind, das Steinsalz-, 
Sylvin- und Winoeiiumersa: sind in ihren Tics fungen sehr ver- 


q schieden. Das Steinsalz- und Sylvinprisma geben Spectren, 
’ welche sich ausserordentlich weit ins Ultraroth zu erstrecken 


scheinen. Langley schitzt die lingsten Wellen, bei denen 


"er im Steinsalzspectrum noch Warmewirkung constatirt, auf 
30 4. Wenn dies auch nach Messungen von mir viel zu hoch 
® gegritien erscheint, so erstreckt sich das Steinsalzspectrum doch 
"jedenfalls weiter ins Ultraroth, als das Hlussspathspectrum. 
Dagegen hat das Steinsalz eine Dispersion, die im Sichtbaren 
noch sehr gross, im Ultraroth schnell abnimmt. Das von 
q Langley geaichte Spectrum von 0,6 w bis 5,3 w erstreckt sich 
» bei einem Prisma von 60° iiber nur 2 Bogengrade, die Wellen- 


langen von 2 uw bis 5,83 u tiber nur 1°. Noch ungiinstiger fiir 


/ spectrale Zwecke ist die Dispersion des Sylvins, wenn dic 
: Messungen von Rubens und Snow?) einigermaassen richtig 
sind. Dagegen hat das Fluorit nach Rubens eine viel siinstigere 
| Dispersion. Dieselbe ist zwar im Roth und ersten Ultraroth 
“hoch gering, wiichst aber bestindig und ist in dem Gebiete 


1) H. Rubens u. B. W. Snow, Wied. Ann. 46. p. 529. 1892. 































































































‘< og 
f : , 
Bile iit) || 
ot 
iy | 
ie hit 
} | 
} 
My 
, Vt 
} 
+ | 
1] 
e | 
het} 
| (an 
hy 
at 
! 
10) 
ba | 
ii 
18) 
1Ha} j 
, j 
| 
\ f 
| ] 
| Am} | 
Ht | 
| Mit 
| ! 
aT | Aa | 
Wit | } 
| bh | 
het} 
\ | 
| NP} | 
\ i} 
Hh | 
|| tt | 

will | 11 

; | 

Hy } Ba} 

' ) iM i 

' 1 | At | 

| | ali 

; DALY 4 

} 

t } } } 
| i | 
| ih) ) 

| 18 
a 

’ 1 | 
| t 

; | 

| 
4 
‘iit 

{ ia 

{ i 

rig 

] Tid 

| } EL a| 
| \ | 

] | 

| } 

i; { 
1 

i | ial 

a iy | 
| | 

4 WW { 

| Nit | 

| vat 

W | ai} 

‘A | 
; 1) 
I iy) 

{ 

a 

min | Wi 

8) Hi 
| 1 

A ae 
ni | 
{ | } 
| iH} 
ao 

Ha | Ki | 

\ i) 
i ; 

Ht Md) | a 
Wy AHH} 
1 vik 
f | ti} 
th | | 
ai} 

i | i) 
iti Att 
| { 
| | 

1) | g \ 
! t | 
} 
} f s 
} } | 
i! + 
' ae 
| 1 | 
{ } 
ty HW} 
| 
| 
ee 
! } } 
iE 
| 
| | 
Hj 
| i} 
| 
‘a 
| \ 
} | 
| 
| ia 
| 
7 j i | 
| 
) i | 
} i) | 
HI 
wi | 
/ i 
it 
| | 
Hie ahi 
’ j 
{ 
Ai} 
' 
ih | \ 
HH} | 
{ | 
f Hit 
Ay | 
\ Hi | 
' i! 
MW 
iy Mi | 
; i 


Hi} | 
| 

} { ) 

| Hi I 
at 





eee 


————— 


SS SS oe oe 


SS 


SS 





es i 
f 











304 F. Paschen. 


von 2 u schon dem Steinsalzspectrum tiberlegen. Der Spectral. 
bezirk von 2 w bis 9,7 w erstreckt sich tiber 9 Bogengradg. 


Allein das Fluorit hat gegeniiber dem Steinsalz den Nachtheil, q 


dass die Intensis&t der Spectren bei 8 w sehr viel schwichep 
wird und bei ca. 10 w infolge einer Absorption der Prismen. 
substanz ginzlich aufhért. Wahrend also das Steinsalzprisma 
einen grdésseren Theil des ultrarothen Spectrums mit eine; 


Genauigkeit zu durchmessen gestattet, die bis 5,3 uw immerp: 1 


abnimmt, kann man mit Fluorit nur bis ca. 10 w kommen, 
aber die Genauigkeit der Messung wird beim Fluorit mit 
wachsender Wellenlinge eine immer gréssere. Bis 1,4) ist 
das Steinsalz dem Fluorit tiberlegen, von hier an das E'luorit 
dem Steinsalz bei gleichem brechenden Winkel. Bis 8 wu wird 
man also zweckmissig Fluorit, und von hier an erst Steinsalz 
zur Spectralmessung benutzen. Ich selber habe aus diesem 


Grunde eine Reihe von Messungen mit dem Fluoritprisma 


gemacht, welche etwa bis 9 w reichen. 

Diese und andere Messungen in diesem Gebiete gewinnen 
ganz erheblich an Werth, weun es méglich ist, sie genau auf 
Wellenlangen zuriickzufitihren. Die Messungen von Rubeng 


erscheinen hierzu nicht genau genug. Ich hatte beim Beginn | 


meiner Arbeiten mit dem Fluoritprisma die Absicht, dasselbe 
so genau wie méglich, auf Wellenlangen zu aichen und: habe 
mich damals in dieser Beziehung langere Zeit vergeblich be- 
miiht. Diese Bemithungen scheiterten lediglich daran, dass 
mir ein geeignetes Beugungsgitter fehlte. | 
Inzwischen ist mir durch ‘die ausserordentliche Freund- 
lichkeit des Hrn. J. E. Keeler, Director des Alleghany-Ob- 


- servatorium, ein ausgezeichnetes, hierzu geeignetes Rowland’- 


sches Concaygitter mit wenigen Strichen pro Millimeter, eins der 
Langley’schen Gitter, fiir eimige Zeit zur Verfiigung gestellt 
worden, mit dem es mir nunmehr gelungen ist, das ganze mit 


dem Fluoritprisma durchmessbare Spectralgebiet mit einer bisher ~ 


kaum erreichten Genauigkeit auf Wellenlangen zuriickzufihren. 


Ich spreche den Hrrn. 8. P. Langley und J. E. Keeler : 


fir ihre grosse Freundlichkeit auch an dieser Stelle meinen 
wirmsten Dank aus. ; 


Meine Messungen ermdglichen erstens eine genauere © 


spectralanalytische Forschung in dem Spectralgebiete bis 10 (4. 


/ 
‘9 


4, 
5 
J 


Hi 


Dispersion des Fluorits. 305 


Gie diirften ferner nicht ohne Werth sein fiir die theoretischen 
Anschauungen tiber die Dispersion und fir die Beurtheilung 


- yon Dispersionsformeln. 


| Bevor ich meine Messungen mittheile, mag es niitzlich 
sein, einige der alteren Dispersionsbestimmungen im Ultraroth 
etwas n&aher zu besprechen. 
Aeltere Dispersionsbestimmungen im Ultraroth. 


Man hat bekanntlich ") zwei verschiedene Methoden  he- 
nutzt, um Wellenlingen im ultrarothen Prismenspectrum zu 
pestimmen. Die erste Methode beruht darauf, dass man im 
Spectrum Interferenzstreifen erzeugt, deren Lagerung auf der 
Wellenlangenscala nach bekannten Gesetzen erfolet. So haben 
Fizeau und Foucault, Mouton, E. Becquerel, H. Rubens 
uid H. Carvallo Wellenlingenbestimmungen gemacht und 
gind oft zu sehr brauchbaren Resultaten gelangt. Man benutzte 
entweder ein Gypsplittchen oder eine Quarzplatte zwischen 
parallelen oder gekreuzten Nicols, oder die Reflexion an einer 
Luftplatte zur Erzeugung der Interferenzstreifen. 

Die zweite Methode verwendet das Gitter zur Bestimmung 


' der Wellenlangen. Man lasst Strahlen, die das Prisma unter 


einer bekannten Ablenkung durchsetzt haben, durch das Gitter 
heugen und bestimmt so ihre Wellenlange (Desains und Curie, 


| EH. Becquerel), oder man lasst umgekehrt vom Gitter ge- 
_ beugte und daher beziiglich ihrer Wellenlinge bekannte 
) Strahlen in den Prismenapparat treten und bestimmt deren 
) Ablenkung durch das Prisma. Die letztere Methode ist die 


bessere und hat in den Hinden Langley’s schon vor neun 


Jahren zu glinzenden Resultaten gefiihrt. 


Vergleicht man diese zwei Methoden, erstens die der Tn- 


‘terferenz, zweitens die Gittermethode , SO ist man von vorne- 
' herein geneigt, der zweiten entschieden den Vorzug zu geben, 
. und zwar aus folgenden Griinden: Die Interferenzstreifen haben 
“tmmer eine ziemliche Breite, aus dem Gitterspectrum lassen 
: ‘sich aber beliebig schmale Streifen ausblenden, sodass sich 
4 hier die charakteristischen Stellen im Spectrum auf. eine 
‘linie von der Breite des Spaltbildes reduciren. Wahrend 





1) Vgl. Winkelmann’s Handbuch II, p. 416 und 417 aus dem 


' Artikel iiber Spectralanalyse von H. Kayser. 
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die lingeren Wellen betrachtlich, sodass Carvallo nur jig 
1,8 bei der Aichung eines Flussspathprismas gelangte. 
Bei der Gittermethode sind die Wellenlangen unzweife]- 


haft definirt, und man kann die Messung beliebig verfeinern, 


wenn man Spalt und Bolometerstreif schmaler macht. De: 


einzige Uebelstand, welcher dieser Methode anhaftet, ist der, 7 > merkbar machten, begannen wesentlich unscharfer zu werden. 


dass die Gitterspectra sehr lichtschwach sind, und dass man 
demgemiss die Empfindlichkeit des Thermoapparates steigery 
muss, wenn man mit schmalem Bolometerstreif und Spalt bis 
zu langen Wellen vorzugehen wiinscht. Langley selbst hat 
meist mit 1 mm breitem Bolometerstreif gearbeitet, eine An- 
ordnung, welche doch noch verhiltnissmassig breite Streifen in 
dem an sich nur sehr schwach dispergirten Steinsalzspectrum 
ergiebt, und bei der infolgedessen auch noch andere, von der 


Energievertheilung im urspriinglichen Spectrum herrtihrende ~ 


Fehler moéglich sind. Trotzdem muss diese Bestimmung yon 
Langley aus dem Jahre 1885 als eine bisher wohl kaum er. 
reichte, jedenfalls nicht tibertroffene Leistung bezeichnet werden, 

Auch Rubens hat, wie erw&ihnt, in neuester Zeit die 
Dispersion des Fluorites nach der Gittermethode bestimmt, 
Diese Bestimmung hat Werthe geliefert, welche im Gegensatz 
zu seinen Bestimmungen nach der Interferenzmethode gewiss 
nicht mehr erheblich unrichtig sein konnten. Aber es lassen 


sich doch manche Bedenken gegen die Exactheit dieser Be- © 


stimmungen geltend machen. : 
So erweitert Rubens bei den laingeren Wellen seinen 


 Prismenspalt betriichtlich, setzt sich dabei also Fehlern aus, 


von denen oben die Rede war. Ferner benutzt Rubens 
Gitter, welche aus parallel aufgespannten Drihten entstanden 
sind. Es ist bisher nicht bekannt, dass man nach solchem 
Verfahren brauchbare Gitter erhalt, und eine Probe von der 
Leistungsfihigkeit dieser Gitter in den hdheren zur Arbeit be- 
nutzten Ordnungen, etwa eine photographische Aufnahme von 


Linienspectren, hatte gewiss nicht schaden kénnen.° Allein 
dies ist kein Kinwand prinzipieller Art, denn es kommt 
offenbar nur darauf an, mit dem Gitter eine bekannte Linie © 
hdherer, aber bekannter Ordnung in der Spaltebene des © 


Prismenapparates scharf abzubilden, und das kann auch ein 


zu anderen Zwecken unbrauchbares. Gitter leisten. Doch © 
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gchreibt Rubens, dass _,,die Farbenstreifen, deren Lage zur 


j Bestimmung der Wellenlange der ultrarothen Linie durch 


OQculareinstellung gemessen werden musste, bereits infolge der 
ohen Ordnungszahl der Spectren, denen sie angehérten, und 
in welchen sich die Fehler des Gitters in erhéhtem Maasse be- 


Hs ist das gerade kein gutes Zeugniss fiir die Rubens’- 
schen Gitter, denn diese Farbenstreifen aus héheren Ordnungen, 
die im Prismenspectrum sichtbar werden, miissten immer 
schirfer werden, da die Dispersion der Spectra héherer Ord- 
nungen, aus denen sie stammen, proportional der Ordnungs- 


~ gahl wichst. 


Win anderer, vielleicht schwererer Einwand ist der, dass 


» Rubens nicht nur im Prismen- sondern auch im Gitter- 

| Apparat Linsen und sogar Fluoritlinsen zur Abbildung. ver- 
q wendet. Rubens zieht, um die Unschirfe zu heben, den das. 

' Bolometer enthaltenden Tubus in einer Reihe von Fallen aus, 


wo die Wellenlinge 4,5 iiberstieg. Diese Beobachtungen 


' sind also einem neuen yon der Beschaffenheit dieses Tubus- 
" auszuges abhingigen Fehler ausgesetzt: die Beobachtungen bei 
' kleineren Wellen, als 4,5 uw aber den Fehlern, welche durch 
' die Unschirfe des durch Tinsen abgebildeten Spectrum ent- 
1 stehen. Durch diese Unscharfe° und durch die vielleicht etwas - 
) geringe Dispersion seines Gitterspectrum werden: die durch- 
'messenen Streifen breiter, als sie sein diirften. 


Des Weiteren gibt Rubens die von Langley benutzte 


| Methode der Wellenlingenbestimmung auf, indem er im all- 
/gemeinen nicht, wie Langley, bekannte Linien auf den Spalt 
| projicirt, sondern eine beliebige Spectralpartie. Erst durch Mes- 
/sungen an den dabei im sichtbaren Theil erscheinenden Streifen 
/wird die Wellenlinge des untersuchten ultrarothen Streifens 
j abgeleitet. Ich glaube nicht, dass dies Verfahren Vortheile vor 
sdem Langley’schen hat. Jedenfalls treten dabei Messungen 
{ mit erheblichen Ungenauigkeiten an die Stelle yon einfach und 
sicher gegebenen Wellenlingen, beispielsweise der D-ILinien. 
'In dem von Rubens mitgetheilten Beispiele variiren die aus 
den einzelnen sichtbaren Streifen ermittelten Wellenlingen um 
0,018 uw. Dies Verfahren bringt weiter den Uebelstand mit 
» sich, dass man schwer mehrmals dieselbe Stelle des Gitter- 
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310 E. Paschen. 


spectrums auf den Spalt projiciren kann. Man_ begiebt sich 
also einer oder mehrerer Controlbestimmungen, die doch woh] 
bei so schwierigen Messungen erwiinscht sein diirften. So 
konnte Rubens fiir den von ihm bei 9,70 angenommenen 
,,betrachtlich grésseren Fehler“ keinen geniigenden Grund aut. 
finden. Hine Wiederholung der Messung hatte wohl in diesey 
Beziehung Aufklarung schaffen. kénnen. 

Wir werden sehen, dass diese Bestimmungen von Rub ens 
doch erheblich fehlerhafter sind, als Rubens meint, und dass 
die Langley’sche Methode richtig ausgefiihrt, erstens einep 
Genauigkeit fihig ist, wie sie- sich nicht besser wiinschen 
lasst, dass sie mit geeigneten Abianderungen zweitens zur Be. 
stimmung von sehr langen Wellenlingen fiihrt, die noch fast 
ebenso genau festzulegen sind, wie die kiirzeren, und die jeden- 
falls viel genauer sind und viel weiter reichen, als die Aussersten 
Wellen, die Rubens trotz des Vorsatzes, recht lange Wellen 
zu erreichen, nach der Interferenzmethode festzulegen gelang, 


Die Methode meiner Messungen. 

Ich habe mich, wie erwihnt, der zuerst von Lan gley 
fiir die Aichung eines Steinsalzprismas benutzten Methode 
bedient. Diese Methode ergiebt die.Wellenlaingen durch eine 
Coincidenzbestimmung ihnlicher Art, wie sie jetzt hiufig zur 
Festlegung der Normalen bei photographischen Spectral- 
messungen im Guitterspectrum angewendet wird. 

Eis werde eine sichtbare Linie von der Wellenlange 2 und 
der Ordnung m auf den Spalt des Prismenapparates projicirt. 
Dann fallen zugleich mit ihr Linien auf den Spalt, deren 
Wellenlinge ist (m/n)2, wo n alle ganzen Zahlen von | an 
durchlauft.. Diese Linien erhalten durch das Prisma ver- 


schiedene Ablenkungen. Man erhilt so eine Reihé von Streifen 


im Ultraroth, deren Wellenlange man kennt, und deren Lage 
man mit dem Bolometer bestimmt. Die Methode ergiebt fiir 
die Wellenlinge, die zu einer bestimmten Stelle des Prismen- 
spectrums gehért, eine Reihe erwiinschter Controllen. Denn, 
wenn man so alle Ordnungen m und n fir dasselbe 4 durch- 
misst, so erhailt man denselben Streifen mehrmals und zwar 
als eine Linie, die je aus einem Spectrum anderer Ordnung 
ausgeblendet ist. Z. B. erhalt man die Linie ¢.2 immer 
dann, wenn m durch ¢ ohne Rest theilbar ist. Die Wellen- 
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jange 2- A kann man in allen Wallen wieder erhalten, wenn 
die Ordnungszahl m von / eine gerade Zahl ist. i 
In der Praxis geht es nicht an, alle Streifen héherer Ord- 
ng n zu durchmessen, da bei hohen Ordnungszahlen m des aut 
a Spalt projicirten 4 die Streifen héherer Ordnung einander 
ie niher riicken und zuletzt nicht mehr voneinander zu 
| ee sind, und weil zweitens diese Streifen hoherer Ord- 
a n auch zu geringe Intensitat besitzen. Aber die Streifen 
s den 2 bis 4 ersten Ordnungen kann man immer Peston, 
4 Damit ergiebt sich dann ferner auch fir die langen 
Wellen, die man als Streifen zweiter Ordnung nicht mehr ng 
stimmen kann, eine sehr erwiinschte, Sari ge pan arn a 
Die mit ihnen abgebildeten Streifen aus héherer Ordnung ha 


q man vorher schon als Streifen der ersten, zweiten, oder einer 


anderen, niederen Ordnung bestimmt, resp. sie fallen in ein 
Gebiet, dessen Dispersion aus solchen friiheren Pesmmuneen 
schon bekannt ist. Man hat infolgedessen zwar fiir die Tingsten 
Wellen selber keine zweite unabhingige Controlbestimmung, 
wohl aber fiir diese mit ihnen zugleich abgebildeten kiirzeren 
Wellen, und das ist nach den Gittergesetzen so gut wie eine 
Controle der langen Wellen selbst. Wir schliessen also gape, 
dass wenn der Streif mit der Wellenlange m.A/2 an einer 
bestimmten, mit anderen unabhangigen Messungen iiberein- 
stimmenden Stelle liegt, dass dann der Streit von der GUS 
lange m.A/1 an der bestimmten, bolometrisch gefundenen 
Stelle liegen muss. Dieser Schluss ist natiirlich nur dann be- 
rechtigt, wenn das Gitter keine ,,Geister“ oder sonstigen Un- 
regelmissigkeiten hat, d. h. wenn nach der Stelle, der Wellen- 
lange 4 erster Ordnung ausser den berechneten Wellenlangen 


> kein Licht apderer Wellenlinge vom Gitter gelangt. Hiervon 


muss man sich selbstverstindlich tiberzeugen. Hrfillt das 
Gitter diese Bedingung nicht, so diirfte es jedentfalls oft. 
schwierig sein, tiber die richtige Wellenlange der Streifen zu 
entscheiden. Das von mir benutzte Gitter war von solchen 
Unregelmissigkeiten soweit frei, dass es nur die berechneten 
Streifen ergab. Nur in einem einzigen Falle habe ich einen 
falschen Streifen erhalten, dessen Intensitat ca. “150 derjenigen 
der richtigen, nichstgelegenen war, sodass er sich dadurch 
sofort als nicht zu ibnen gehérig kennzeichnete. 
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F. Paschen. 


Die Apparate und die Anordnung. 


Die Anordnung des Prismenapparates war genau dieselbe, | 


wie bei meinen Arbeiten tiber die Emission der Gase.') Ich 


hebe aus der friither gegebenen Beschreibung hier nochmals: 


das Eolgende hervor: Es sind silberne Hohlspiegel benutzt 
statt Linsen, eine Anordnung, welche allein eine befriedigende 
Schirfe im Ultraroth ergiebt. Der exponirte Bolometerstreif 
bestand aus einem einseitig berussten Platinstreifchen yon 
7mm Lange, 0,25 mm Breite und 1/,,,, mm Dicke und 8 Ohm 
Widerstand. Er hat sicher nach 2” langer Bestrahlung seine 


Temperaturinderung véllig erreicht. Der erste Ausschlag deg 


Galvanometers wird bestimmt. Dieser ist bei der gewodhnlich 


benutzten theoretischen Empfindlichkeit von ca. 1.10-°° C. pro ~ 


1 mm Ausschlag nach 5—6” beendet. Ich lege auf diese 
schnelle Ablesung grossen Werth, denn sie erméglicht trotz 
der hohen Empfindlichkeit bei 3 Ausschligen eine Genauigkeit 
von 0,1—0,2 mm, sodass also mit Sicherheit Temperatur- 
Ainderungen von 1 bis 2 Milliontel Celsiusgrade nachweisbar 
waren. Es richtet sich natiirlich sehr nach den Ausseren Um- 
stinden, wie weit man im gegebenen Falle mit der Genauig- 
keit kommt. Wegen der ausserordentlichen Stérungen, denen 
mein Beobachtungszimmer am Tage ausgesetzt ist, und die dann 


im allgemeinen cet. par. nur eine Genauigkeit von ca. 0,5 mm 


zu erreichen gestatten, habe ich alle Messungen, bei denen der 
Maximalausschlag nur 5 mm oder weniger betrug, nur Nachts 
gemacht. Die langsten von mir bestimmten Wellenlingen re- 
prasentiren so ein gutes Stiick n&chtlicher Arbeit; denn die 
Arbeit mancher Nacht musste noch verworfen werden. Der 
Maximalausschlag bei der langsten Wellenlange entsprach einer 
Temperaturerhéhung der Bolometerstreifen von etwa 1/, 599° ©. 
Zu beiden Seiten fiel die Energie auf 1/,, dieses Betrages 
herab. Man wird die Schwierigkeiten. der Messung beurtheilen, 
wenn man bedenkt, dass dies messend verfolgt werden musste. 

Auf den Gitterapparat ist es néthig, etwas genauer ein- 
zugehen. Das Gitter ist ein Rowland’sches Concavgitter mit 
142,1 Strichen pro Millimeter und einer Breite der getheilten 


1) F. Paschen, Wied. Ann. 50. p. 409. 1898; 51. p. 1. 1894; 
o2. p. 209. 1894. 
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_ Fliiche von 132 mm. Die Lange der Furchen betriet S mm. 
‘Der Kriimmungsradius der concaven Fliche betragt 1,753 m. 
Dies Gitter ist das von Langley in seiner Disnenwicasarhoit 1) 


"mit Nr. 2 bezeichnete. Aber es ist, wie mir Hr. Keeler 


 gchreibt, von Langley nicht benutzt. Es ist also wahrschein- 
‘jich nicht so gut, wie diejenigen, mit welchen Langley ge- 


arbeitet hat. Aeusserlich sind einige Theilungsfehler sichtbar, 
Stellen, wo der Diamant in anderer Weise geritzt hat. Hnt- 
oe : finden sich im Spectrum einige ,,Geister“. Aber 


das Gitter muss bekanntlich schon ein Gutes sein, wenn es 
yoeister® zeigen kann. 
Langley hat in seiner Arbeit das Gitter in der Row- 


Jand’schen Aufstellung benutzt, d. h. Gitter, Spalt und Bild 
auf einem Kreisbogen justirt, dessen Durchmesser gleich dem 
' Kriimmungsradius des Gitters ist, und das Bild in Richtung 
der Gitternormalen entworfen. 


Allein es ist sofort klar, dass dies wegen der im Ver- 


haltniss zur Dispersion des Prismenspectrum sehr grossen 
Dispersion des erzeugten Gitterspectrums nicht die giinstigste 


Anordnung ist. Wenn, wie bei Langley und mir, im Prismen- 


spectrum eine Linie die Breite des Spaltes hat, ist die Anord- 
nung offenbar dann am giinstigsten, wenn in dem benutzten 
_ Gitterspectrum die Dispersion ebenso gross ist, wie fiir dieselbe 
Spectralpartie im Prismenspectrum. Hine kleinere Dispersion 
des Gitterspectrums ist ungiinstig, weil die Streifen im Prismen- 
“spectrum dann die Breite einer Linie iiberschreiten. Eine 


grossere Dispersion ist zwar zulissig, aber wieder ungiinstig, 


weil die Intensitét dann unnothig schwach wird. 


Hatte ich das Gitter in der Rowland’schen Anordnung 


-aufgestellt”), so wire die Dispersion des auf den Spalt projicirten 
“Gitterspectrums bis 50 mal grésser gewesen, als im Prismen- 


“spectrum. Um geringere Dispersion zu erzeugen, habe ich die 


‘yom Gitter kommenden Strahlen durch einen silbernen Hohl- 
“spiegel gleicher Brennweite, wie die Hohlspiegel im Prismen- 
“apparat, auf den Spalt projicirt. Um dann weiter den Spalt 
‘nicht zu weit vom Gitter fortsetzen und ihn dort tibermissig 


1) 8. P. Langley, ‘Ann. de Chim. et de Phys. (VI.) 9. p. 484. 1886. 
2) Im Anfange machte ich Messungen bei solcher Anordnung. 











































































































314 | 3 F. Paschen. 


breit machen zu mitissen, habe ich auch die vom Spalt 


kommende Strahlung darck einen silbernen Hohlspiegel dem 
Gitter zugesandt. Dieser Hohlspiegel ward. seinem Spalt go. 
weit genihert, dass das Licht der zur Messung benutztep 
Spectralpartie das Gitter als paralleles Strahlenbiindel verliegs 


und demnach im Focus des ersterwaihnten Hohlspiegels scharf — 


abgebildet wurde. Hier befand sich dann der Spalt des Prismen- 


apparates. Diese ganze Anordnung findet sich Fig. 1 skizzir+ j 


1. der Prismenapparat mit dem Spalt s,, dem Prisma P, den 
Hohlspiegeln S, und 8, und dem Bolometer B. 2. Die Gitter 
anordnang: mit dem Spalt s,, dem Gitter G und den Hohl. 
splegeln |, <&,. Der Strahlengang des von der Energiequelle 
# kommenden Lichtes ist eingezeichnet. 

_ Die Dispersion des so erzeugten Gitterspectrums betrug 
immer noch bis 10 mal soviel als die im Prismenspectrum, 
Um sie noch mehr abzuschwachen, wurde schliesslich der Spalt 
s, des Gitterapparates soviel erweitert, dass die zur Geltung 
kommende Dispersion nur bis ca. 3mal so gross war, als im 
Prismenspectrum. Man iiberzeugte sich durch sorgfiltige 
Messungen, dass die ausgeblendeten Streifen dann noch ebenso 
schmal waren, wie bei 50 mal grésserer Dispersion, d. h. etwa 


die 2- bis 3-fache Breite des Bolometerstreifens hatten: Um © 


die Genauigkeit der optischen Hinstellung nicht zu beeintriich- 
tigen, less der Gitterspalt sich bilateral erweitern. Man brachte 
bei engem Gitterspalt die feine Linie zur genauen Coincidenz 
mit dem Prismenspalt und erweiterte dann zur Messung den 
Gitterspalt, soweit es néthig war. Wieder constatirte man 
durch eingehende Messungen, dass die Lage der Maxima der 
ausgeblendeten Streifen unabhangig von der. Weite des Gitter- 
spaltes war. Der Spalt s, des Prismenapparates ist niemals 
verbreitert, sondern hatte immer die Breite des Bolometer- 
streifens. Ich habe geglaubt, mich lieber mit geringerer Inten- 
sitat begntigen zu sollen. 

Mit dieser Anordnung, die ich fir sehr wesentlich zum 


Gelingen der Arbeit ansehe, sind die meisten meiner Messungen ~ 


gemacht. 


Die Messung bestand nun einfach darin, dass z. B. die © 


D-Linien 13. Ordnung auf den Spalt s, projicint wurden. Man 
konnte diese Linien im dunklen Zimmer selbst in 20. Ordnung 
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~ noch eéu ana: scharf auf den Spalt. bringen, wenn man zu 
q jbrer Erzeugung Kochsalz in einem Leuchtgas-Sauerstoff-Geblise 
' yerdampfte. Aisdann ersetzte man die Natriumflamme durch 
eine an ultrarothen Strahlen sehr reiche Knergiequelle und 
 pestimmte die Spectrometerablenkungen,. fiir welche die ab- 
1 gelenkten ultrarothen Streifen das Maximum der Intensitiit 


;, geigten. 


Beziiglich der hierzu geeigneten Energiequellen habe ich 


; mich viel bemiiht. Der Gasmotor unseres Instituts ist nicht 
"im Stande, die Dynamomaschine so zu treiben, dass eine 
- Bogenlampe constant brennt. Daher’ musste ich von der Be- 
 putzung dieser bei Weitem intensivsten Energiequelle absehen, 
welche Langley bekanntlich so gute Dienste geleistet hatte. 


Viele und mannigfach varriirte Versuche iiber die von 


' festen K6rpern ausgesandten Spectren haben mich Mnergie- 
~ quellen kennen gelehrt, welche die bisher iiblichen (Zirkon- 
 pbrenner, gliihendes Platin etc.) ganz erheblich an Hnergie im. 
 Ultraroth tibertreffen. Kohle, zur hellen Rothgluth erhitzt, 


hat bei 5 u schon soviel, oder mehr Energie, als hellweiss- 


 glithendes Platin, bei langeren Wellen aber sicher noch- mehr. 
Ich habe mir daher eine Glithlampe gebaut, die einen 5 mm 
- pbreiten Kohlestreifen und zum Durchlassen der ultrarothen 


Strahlen ein Fluoritfenster enthielt. Fiir die Beschaffung der 


_ Kohlebander bin ich der Firma Siemens & Halske zu grossem 
' Danke verpflichtet. Erhitzte ich dies Kohleband zur Weiss- 
 gluth, so kam die Energie dieser Glihlampe im Ultraroth der- 
_jenigen der Bogenlampe fast gleich. Allein diese Glithlampe 
hatte ftir meine Zwecke einen grossen Nachtheil. Um die 
_ Kittung des Fluoritfensters dicht zu halten, musste dies Fenster 
ca. 10cm weit von dem Kohlestreifchen entfernt angebracht 
werden. Es war vor eine an die Kugel der Glihlampe ge- 
j blasene Réhre gekittet. Infolgedessen war es nicht méglich, 
das glithende Kohleband nahe genug vor den Spalt zu bringen, 
sodass nur ein sehr schmales Strahlenbiindel zur -Messung 
—dienen konnte. 


Inzwischen hatte ich gesehen, dass Oxydoberfliichen. eine 


ausserordentliche Knergie im Ultraroth entwickeln. In dieser 
_ Beziehung zeichnet sich besonders das Oxyd des Hisens aus 


(Be, O, resp. Fe,O,). Die Energie im Ultraroth, die ein solches 
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Oxyd ausstrahlt, kommt derjenigen der Kohle sehr nahe und 
iibertrifit diejenige des Platins gleicher Temperatur bei lange 
Wellen um das 10- bis. 20fache. 7 : 

Bekanntlich hat Jacques eine Experimentaluntersuchung 
tiber die von verschiedenen Kérperoberflichen ausgesandten 
Hnergiespectren veréffentlicht. Doch kommt in seinen Zahley 
und Curven das erwaihnte merkwiirdige Verhalten garnicht 
zum Ausdruck. 

Nach meinen Versuchen ergab sich als geeignetste Energie- 
quelle ein mit Hisenoxyd iiberzogenes Platinstreifchen, welcheg 
durch einen constanten Accumulatorenstrom erhitzt wird. Hg 
wird hergestellt, indem man ein Platinstreifehen von 1/,,, mm 
Dicke mit einer wasserigen Lésung von Hisenvitriol, schwefel- 
saurem Hisenoxyd oder Eisenchlorid bestreicht und durch 
allmahliche Steigerung der Temperatur das Wasser und die 
Séiure verfliichtigt. Man trigt die Schichten diinn auf und 
wiederholt die Manipulation, bis die Schicht gentigend dick 
ist. Dies Oxyd haftet ausserordentlich fest am Platin und 
vertrigt die héchste Weissgluth. Es verwandelt sich bei 
langem Gelbglithen allmahlich in eine feinkérnige krystallinische 
Modification, die aber nicht unwirksamer scheint, sodass die 
Constanz der ausgesandten Strahlung eine befriedigende ist, 
wenn man den gliithenden Platinstreif durch ein Gehiiuse von 
Pappe vor unregelmassigen Luftstrémungen schiitzt.') 

Die beschriebene Energiequelle ist sehr wesentlich zum 
Gelingen meiner Arbeit gewesen. Ohne sie wire ich nicht 





1) Schon die Starke der z. B. zum Rothgliihen nédthigen Strom- 
energie zeigt das hier benutzte sehr merkwiirdige Verhalten dieses Oxydes. 
War der Platinstreif blank, so brauchte er ca. 10mal weniger Strom- 
energie (Volt x Amp.), als wenn er mit Oxyd bedeckt zur gleichen 
Rothgluth erhitzt werden sollte. Aehnlich verhdlt sich berusstes Platin. 
zu blankem Plantin. Ich will nicht unterlassen, darauf hinzuweisen, dass 
aus diesem Grunde unsere Glithlampen mit Kohlenfiden sehr unzweck- 
massig sind. Platinirte ich eins der Kohlebinder in der oben beschriebenen 
Gliihlampe, so brauchte die Glihlampe nunmehr ca. 1/,, der Energie, 
um zur gleichen Helligkeit erhitzt zu werden, als wenn die Kohle nicht 
platinirt war. Man wiirde also von Glithlampen mit platinirten Kohlen- 
fiden sofort 10mal mehr mit denselben Kosten brennen kénnen. Allein 
das Platin auf der Kohleoberfliche verschwand in meinem Versuche 


bald durch Zerstiubung, sodass diese Sache so noch nicht practisch ver- | 


werthbar ist. 


ox 
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gu so langen Wellen gelangt. Ausser ihr sind noch zu einzelnen 
Messungen benutzt: die oben beschriebene Glithlampe mit dem 
Fluoritfenster, berusste und blanke Platinbleche, die durch 
den Accumulatorenstrom erhitzt wurden, ein Zirkonbrenner 


 ynd die electrische Bogenlampe, die mit ca. 20 Amp. brannte. 


Ausser der Bogenlampe werden sie alle durch das mit Hisen- 

yd bedeckte hellgelb oder weissgliithende Platinstreifchen an 

Energie im Ultraroth tbertroffen. : 
Fehlerquellen. 

Es ist aus ocularen Messungen im Spectrum bekannt, dass 
man das Fadenkreuz immer in gleicher Weise mit der Linie 
gusammenfallen lassen muss, z. B. immer die Linie halbiren ete. 
Nun ist der Nullpunkt bei meinen friheren Messungen, die 
Spectrometereinstellung fir die D-Linien, immer durch eine 
oculare Hinstellung festgelegt, waihrend die Lage der ultra- 
yothen Streifen durch eine Intensitétsmessung ermittelt wird. 
Rs ist das eine Ungleichmassigkeit bei diesen zwei Hinstellungen 
die zu erheblichen Fehlern fiihren kann, sobald die Breite 
des Bolometerstreifen gross ist, und man die Einstellung noch 
pis auf Bruchtheile der scheinbaren Bolometerstreifenbreite 
sichern will. Denn wenn man auch das Bild des Spaltes 
ocular méglichst mit dem Bolometerstreifen zur Deckung bringt, 
so ist doch nicht gesagt, dass der Streif dann auch durch 
diese Linie am meisten erwirmt wird. Von dieser letzten 
Hinstellung muss man aber ausgehen. W. H. Julius, 
K. Angstr6ém, sowie ich selbst, haben immer die oculare Ein- 
stellung der D-Linien alg Nullpunkt benutzt, trotzdem in den 
betreffenden Arbeiten die Spectrometerablenkungen oft bis zu 
V4 der scheinbaren Breite des Bolometerstreifens in Minuten 
angegeben wurden. Hin Fehler aus dieser Quelle falscht die 
in Spectrometerablenkungen angegebene Spectralstelle natiirlich 
nur um einen constanten Betrag; geht man aber zu Wellen- 
langen tiber, so entstehen mit der Dispersion variabele Fehler. 
Diesen Punkt habe ich in verschiedener Weise untersucht. 

Zunachst suchte ich die Spectrometereinstellung fiir die 


D-Linien bolometrisch zu bestimmen. Es ist mir aber trotz 


eer grossen Zahl von Versuchen nicht gelungen, eine be- 
friedigende Bestimmung hierfiir zu erhalten, da die Natron- 
flamme nicht so lange Zeit constant genug zu halten war, wie 
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die bolometrische Messung erfordert. Aus diesen Versuchey 
konnte ich nur ersehen, dass bei meinem Apparate zwischen 
der ocularen und bolometrischen Hinstellung eine Differen, 
von tiber 1’ vorhanden war. 7 

Auf folgendem Wege beseitigte ich in exacter Weise 


diese Ungleichmissigkeit. Erst bestimmte man bei abge. 


nommenem Prisma die Energiecurve, welche dem unabgelenkten 


Spaltbilde entspricht. Dann justirte man das Prisma ing q 


Minimum und legte die Knergiecurve des abgelenkten ultra. 
rothen Streifens fest. Rechnete man dann von Maximum zy 


Maximum dieser Energiecurven, so hatte man die Gleichartig. 


keit der Kinstellung gewahrt und erhielt die richtige Minimal- 
ablenkung. Kbenso ist Langley bei seinen Bestimmungen 
verfahren. : 

Hine zweite Fehlerquelle, die ebenfalls mit der Breite des 
Spaltes zunehmen muss, besteht darin, dass die aus dem 


Gitterspectrum ausgeblendeten Streifen nicht Linien, sondern q 


Spectralpartieen betrachtlicher Breite sind. Ist die Energie- 


vertheilung innerhalb einer solchen Spectralpartie nicht gleich. ~ 


formig, und das ist ja der gewohnliche Fall, so darf man in 
dem bolometrisch durchmessenen Spectralstreifen nicht den 
héchsten Punkt als charakteristischen ansehen, sondern einen 
Punkt der erst. mit Beriicksichtigung des Intensititsverlaufes 
an dieser Stelle sowohl im Gitter — wie im Prismenspectrum 
durch complicirte Versuche und Tangentenconstructionen ge- 
funden werden kann. 

Auch diese Fehlerquelle konnte ich auf Grund meiner 


Kenntniss der Spectra verschiedener Kérperoberflichen ex- 


perimentell behandeln. Bei der Minimalablenkung 30°38’ 
steigt die prismatische Energiecurve des gelb- oder weiss- 
gliihenden Platins nach kurzen Wellen ausserordentlich steil 
an und erreicht bei etwas kiirzeren Wellen (Minimal- 
ablenkung 30° 50’ bis 31°) ihr Maximum. Dagegen hat die 
Knergiecurve des berussten Platinstreifens, den man nur so 
hoch (ca. 450°) erhitzt, dass der Russ sicher nicht abbrennt, 
ihr Maximum bereits bei langeren Wellen (Minimalablenkung 
30° 10’ bis 30° 20’) erreicht und fallt bei 30° 38’ bereits steil 
nach kurzen Wellen ab. Dieser Abfall ist fast so jah, wie 
der Anstieg der bezeichneten Platincurve an derselben Stelle. 


a 
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Andererseits ist es nun sehr einfach, denselben Platinstreif erst 


perusst als Hnergiequelle fir eie Wellenlangenbestimmung 


n dieser Stelle anzuwenden, und dann, ohne an seiner 
Stellung oder sonst an der Anordnung das Geringste zu 
andern, durch einen starken Strom den Russ von seiner Ober- 


qache fortzubrennen und ihn weissgliihend zum zweiten Male. 


als Energiequelle zu benutzen. Bei der Minimalablenkung 


30° 39’ liegt nun der Streif, welcher der vierfachen Wellen- 


lange der D-Linien entspricht. Fiir diese Spectralstelle ge- 
niigen die angeftithrten Knergiecurven, um das Maximum dieses 
Streifens bis auf 0,1 Minute genau festzulegen, d. h. die 
Pifferenz der Maxima der zwei Streifen, die mit berusstem 
und blanken Platin erhalten werden, lasst sich in der be- 
schriebenen Weise mit einer Genauigkeit von 0,1’ ermitteln. 
Die so gewonnenen Curven werden unten mitgetheilt. 


Ferner hitte ein Fehler aus solcher Ursache, wenn er 
vorhanden wire, sich offenbaren mtissen, wenn man die Spalt- 
preite des Gitterapparates variirte. Ich habe mich fir ver- 
schiedene Spectralstellen tiberzeugt, dass die Lage der Streifen- 
maxima unabhaingig von der Breite des Gitterspaltes war. In 
dem folgenden Beispiele findet sich neben der mit breiterem 
Spalt erhaltenen Hnergiecurve eine andere, bei der weiter 
nichts geandert wurde, als dass der Gitterspalt ca. dreimal 
schmiler genommen ward. 


Messungen zur Ermittelung des EKinflusses der Energie- 
vertheilung im ursprtinglichen Spectrum auf die Lage der 
Streifenmaxima. Wellenlange 4.0,5893 w = 2,35738 wu. 


breiter Spalt schmaler Spalt 
Russ ca. 450°C. Platin weissgliihend 
Curve 1. Curve 2 Curve 8 
80° 33,9’ 16,2 320,8 115,7 
| 20,0 177,9 


Minimal- 
ablenkung 
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Diese drei Knergiecurven finden sich auf Fig. 2 gezeichnet 
als Curve 1, 2, 8. Die Ordinaten der Curven 2 und 3. ging 
dabei aber vier- resp. zweimal verkleinert. Auch ist an dep 
Russcurve 1 und der Platincurve 2 oben ein Strich, der dey 
Verlauf der prismatischen Energiequelle des Russes von 4590 
und des weissgliihenden Platins an dieser Spectralstelle skizzipt. 


Die Maxima aller drei Streifen liegen durchaus an gleichey 


Stelle. Hs ist mithin zu schliessen, dass die Spaltbreiten fy» 
meine Versuche gering genug waren, dass die Streifen sich 
als wirkliche Linien verhielten. 


Messungen. 


Ich theile eine Beobachtungsreihe im Folgenden ganz 
austiihrlich mit. Es mag dazu eine Messung dienen, bei der 
die J-Linien der 18. Ordnung auf den Spalt des Prismen- 
apparates projicirt wurden. Es gelangen mit ihnen dann die 


folgenden Wellenlingen im Prismenspectrum zur Abbildung: — 


13 18 13 
prepare ener 
wo Ap die Wellenlange der D-Linien, also 0,5895 «4 bedeutet. 
Die vier angefiihrten Streifen grésster Wellenlinge habe ich 
bestimmt. Die erhaltenen Curven folgen hierunter. Die 


3 
Ap, Ap , a5 etc. 


Cutven sind an verschiedenen Tagen erhalten. Die Minimal- | 
ablenkungen sind immer von dem Maximum der Energie. . 


curve des unabgelenkten Spaltbildes an gezihlt. 


Messung am 7. Mai’ Abends. 
18 
Wellenlinge 7 95898 = 71,6612 u. 
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4. 
34,7 | 1,5 


‘Temperatur im Anfang 16,2°C., Ende 16,6° C. (in der Nihe des Prismas). 


Energiemaximum bei 25° 24,0°. 


18 
Wellenlinge ee 0,5893 uw = 38,8306 u. 


29° 41,7° 42,7 48,7 44,7 45,7 46,7 
einzelne 44,5 54,6 3 


Minimalablenkung 


Ausschlag 44.0 54,4 


Mittel 44,3 545 


Temperatur am Anfang 16,0°C., am Ende 16,2 C. 
Das Energiemaximum liegt bei 29° 44,9’. 


Messung am 30. April. Wellenlange = 0,5893 ju = 2,5587 u. 


_ Minimalablenkung 30° 25,8’ 
- Ausschlag 


elnzelne 


Mittel 


Temperatur am Anfang 18,6° Ce Ende 18,7° C, 
Energiemaximum bei 80° 82,2’. 


Ann. d. Phys. u. Chem. N. F, 53. 21 
























































































































































F’. Paschen. 


| 13 7 
Messung am 23. April. Wellenlange re 0,5893 w = 1,9153 u. 


Minimal- Ausschlige Minimal- Ausschlige 
ablenkung einzelne Mittel ablenkuug einzelne Mittel 


‘ 16,6 : 
80° 44,3/ 1B 15,9 80° 50,8 38,5 
45,8 
46,8 


47.8 


Temperatur am Anfang 16,6° C., am Ende 17,0° C. 
Energiemaximum bei 30° 49,2’. 


Diese Streifen finden sich Fig. 2 graphisch aufgetragen, 
Ebendort gebe ich eine Reihe der von mir zur Messung be- 


nutzten Streifen wieder, und zwar hauptsichlich diejenigen bei 


langen Wellen, aus denen man ein Bild von den Curven er- 
hilt, welche hier zur Ermittelung der Minimalablenkungen 
dienten. Unter dem Maximum jeder Curve steht der Quo- 
tient m/n der Ordnungszahlen. Die eine von Rubens wieder- 
gegebene Curve habe ich ebenfalls zum Vergleich mit meinen 
Curven mit eingetragen. Sie bezieht sich auf die gleiche 
scheinbare Breite des Bolometerstreifen. 

Soleher Curven wurden nun fiir jede Wellenlinge eine 
ganze Reihe beobachtet. In der folgenden Zusammenstellung 


gebe ich die Resultate dieser Beobachtungen fiir ftinf Wellen- — 


lingen an. N&amlich fiir die Wellenlingen 
13 TS 
es: Ap; 3 Mp; 


und fiir diejenige 8/1 Ap, fiir welche die meisten Beobachtungen 
gemacht sind. Man erhalt hierdurch ein Bild von der Ge- 


nauigkeit der Endwerthe. In der ersten Spalte steht das Ver- — 


hiltniss m/n der Ordnungszahlen, in der zweiten die Minimal- 
ablenkung, in der dritten der maximale Galvanometerausschlag 
bei der betreffenden Messung, in der vierten die benutzte 


Warmequelle, in der finften die Temperatur in der Nahe des ~ 


Prismas in der sechsten das Datum der Messung. 





_ Mittel 30° 32,16’ + 0,097 
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ete 13 
Wellenlinge is 0,58938u = 7,6612u. 











OO 
m Minimal- 
ablenkung 


Ausschlag| Warmequelle ‘Temperatur 











Platin 
mit 


Hisenoxyd 

















Datum 
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Mittel 25° 25,43’ + 0,22 Mittel 17,5° C. 


: ae 
' Wellenlinge a 0:5893 u =' 3.8306 wu. 


299 45 1’ |  Platin 
44,3 mit 
44,9 Hisenoxyd 





53,8 
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Mittel 29° 44,93 + 0,068 Mittel 17,05° C. 


13 
Wellenlange is 0,5893 w = 2,5537 wu. 


30°.31,9°".. | Platin 18,1 
mit He 

Kisenoxyd 16,7 

18,7 

- 20,5 











Mittel 18,5° ©. 


3 
Wellenlinge z 0,5893 « = 1,9153 iu. 


— 


4 49,2 32,6 
49,2 34,9 
Mittel 30° 49,07’ + 0,085 


mit 
Hisenoxyd 
Mittel 17,5° C. 
Zi 


13 80° 48,82’ | .16 Platin 
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3 Wie 
Wellenlinge sol 0,5893 w = 4,7146 uw. 
ae ee Ausschlag, Wéirmequelle eS eho s mperatar| Dai Datum 
n. ablenkung , mC: | 

299 2.4! 30 Pt m. Fe. oe tae 

roe Pi 23 . — 2. 4 

eck 29 re UL 

ae 2.9 17,3 18,8 | 29. 4 

8 2,6 165 21,4 17. 5 

, 8,1 18 21,4 17. 5 
16 2,6 41,2 17,5 17. 5 

Sou, 2,9 34 17,4 11. 5 

1,8 50,2 18,5 11.5 

3,0 105 Bogenlampe 18,8 12255 

2,3 46,4 Pt m. Fe 17,4 12. 5 

1,4 46,6 ea gee 18. 5 

0,8 42,8 18,0 14. 5 

2,4 59,4 17,4 15. 5 

2..6 48,8 19,8 15. 5 

aoe 2,4 90,0 21,1 18. 5 
1 3,0 94,0 21,5 18. 5 

2,,6 93,0 21,8 18. 5 

2,1 155 21,5 18. 5 

3.4.2 87 Soe ee 21,5 18. 5 

Oe p51 368 20,6 19. 5 








Mittel 29° 2,49 + 0,084 Mittel 19,3° C, 


Resultate. 


Die foleende Tabelle enthalt die Endresultate meiner 
Bestimmungen. In der ersten Spalte stehen die Wellenlangen 
in w, in der zweiten die Mittelwerthe der beobachteten Minimal- 
ablenkungen, in der dritten die wahrscheinlichen Fehler dieser 
Minimalablenkungen, in der vierten die Brechungsindices, welche 


aus den Minimalablenkungen und dem brechenden Winkel ~ 


g = 59°59’ 59” des Fluoritprismas berechnet werden. In der 
fiinften Spalte findet man die wahrscheinlichen Fehler dieser 
Brechungsindices in Einheiten der fiinften Decimalen, in der 
sechsten Spalte stehen die Spectralbezirke in uw, welche an der 
betreffenden Spectralstelle den wahrscheinlichen Fehlern der 
Brechungsexponenten entsprechen, in der siebenten Spalte findet 
sich die mittlere Temperatur in der Nahe des Prismas, in der 


achten ist die Zahl Messungsreihen angegeben, aus “denen das 


Resultat gefolgert ist. 
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Wie man an der Tabelle sioht 
Bemiithungen hauptsachlich auf die langen Wellen. 























rit Bre- w. F. | w. F. von ; 
Wellenl.| Minimalabl. | w. F. | chungs-.| von n fu entspr. aie 
4 5 von 6 | exponent} Einh. d.| dem w. POU Te lass 
n 5. Dee. | F. von a — jsungen 
0.8840. | 31°16’ 26,4”|-+ 10,8”) 1,42996 | 3,8 | 00041 | 196] 5 
11786 | $1 6 43,8 | 9,6 | 1,42799 | 3,4 | 0,0059 | 19.4 | 10 
fet | 81 1 52,2 | 12, -|11,42609.| 42 | 0,0088 | 19,4 | 8 
© 14733 | 30 59 35,4 9 | 1,42658] 31 | 00074 | 180] 3 
D 15715 | 30 57 22,2 8,4 | 1,42607:| 2,9 | -0,0070 | 201). 4 
16206 | 30 56 37,2 $,6:|\1,42592- 91/8" |. 0,0026)|/17.8/ | 4 
1,17680 | 30 52 56,4 24) 1,42517] 0,8 | 00016 | 181] 6 
19153 | 30 49 4,2 Byte. 14248810 1,8 10,0084 175 cee 
1,9644 | 30 47 46,2 6 | 1,42419 2.186 10,0040' N19 + <8 
9.0626 | 30 45 23,4 | 11,4 1423683 | 4,0 |-0,0075 | 184] 4 
' 21608 | 30 48 9,6 GOs 42317 i246 1,8.. 10,0051 a17.60\7 9 
22100 | 30 42 9,6 1,98|.1,42297;:. 0.7 |: 0.0011 | 18.0). 4 
93573 | 80 87 49,8 7,8 | 1,42208 | 2,7 | 0,0046 | 19,0 |. 18 
2,9587 a0 . ie 5,8 .:7542092;| 2.0) |, 0,0085. 18.5.1: 5 
2.65 5, 4,26] 1,42015 | 1,5. |: 0,0022 | 19.0 | 6 
2.7502 | 3026 9,6! 84] 141969! 29 | 00044 | 1801 5 
| 29,9466 | 3019 0 5,34) 141823") 4.9. |. 0.0027 1.18.8 4) 10, 
'[8,1480 | 80 18 14,4 | 12 | 1,41704 42°, .0,0057 |. 18,8 1] 
36] 1, 1,25} 000138 | 1% be 
3.8306 | 29 44 55,8 4,08| 141122 14-| 0.0016 | 171 : 
41252 | 29 81 47,4 7,2 | 1,40850.| 25 |. 0,0027 | 17,3.| 18 
Oe se | eet tamed see eee acre 
5,04/ 1, 54,85,4,|s 0,0016 +] 19:4) 21 
50092 | 28 46 2,4] 12 | 1,39902| 42 | 00035 | 198] 1 
5.3039 | 28 28 15 12,6 | 1,89582 | (44 | 0,0084 | 19.2] 7 
55085 x x ue 6 :1,89145.)* 24° |0,0015 ,|/20,0,).. 2 
12,6 |.1,88721 | 4,4 | 0,0030 | 18 
6.4825 |. 27 7 26,4 7,8 | 1,37887 | 2.7" |’ 0.0017. in’ 
7,0718 | 26 18 40,8 8:7 1) 44868066 4/8)1i} 200016 | LIBl iia 
76612 | 25 25 25,8 | 13,6 | 1,85672 | ° 4,8 | 0,0024.|17,5-| 11 
8.2505 | 24 28 14,4 | 16,8 | 1,34444 | °5,9 |.0,0028 | 17.5 | 14 
88398 | 23 25 7,2) 14,4 | 1,33079 | 5,0 | 00022] 181] 9 
 9,4291 | 22 17 54 39,6.| 1,31612.| 13,9 | 0,0058 | 18,3] . 8 


erstreckten sich meine 


Bis 2 u 

































ist die Dispersion des Fluorits durch die Messungen yon 
“Rubens und besonders von Carvallo so geniigend festgelegt, 
dass ich mich mit diesen Wellenlingen nicht zu lange auf- 
: halten zu sollen glaubte, zumal- dieser Bereich erforderlichen- 
falls jederzeit. mit der Genauigkeit Carvallos ohne jede Miihe 
“untersucht werden kann. Bei 2 w beginnt das eigentliche Feld 
meiner Untersuchungen. Zwischen den Wellenlangen, die durch 
“Sehiufte Beobachtungen festgelegt sind, finden sich einige ein- 
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gestreut, die mit einer oder zwei Beobachtungsreihen nur alg 
Controlmessungen dienten. Ks sind das die Wellenlingen 


= dp = 83,1480, dy = 5,0092 


und 
a Ap = 5,9985 [L. 


Ihr wahrscheinlicher Fehler ist entsprechend grésser angegebey. 


Von ihnen. diirfte die Wellenlinge 3,1430 w am fehlerhaftestey — 


sein. -Darum ist diese Bestimmung eingeklammert. . 


Discussion der Resultate. 


Die Discussion dieser Messungen hat nach zwei Richtungen 


hin zu erfolgen: 1. Bez. ihrer Brauchbarkeit fiir spectrale 
Messungen, 2. bez. ihrer theoretischen Verwerthbarkeit betr, 
eines Dispersionsgesetzes. | 

Was: den ersten Punkt betrifft, so ist fiir ihn die sechste 
Spalte der Tabelle eingefiihrt, in der man den wahrscheinlichen 
Fehler findet, der meinen Wellenlaingenangaben anhaftet, wenn 


man die Brechungindices oder Minimalablenkungen als gegeben — 


betrachtet. Diese Angabe hat die folgende Bedeutung: Wenn 


man nun die Wellenlange z. B. einer Linie bei der angegebenen 


Spectralstelle mit memer Anordnung messen will, so kann man 


dies mit derselben Genauigkeit, mit der meine Streifen bei der ~ 
vorliegenden Untersuchung gemessen sind, vorausgesetzt, dass 


die Spectrallinie ebenso intensiv ist und von einer ebenso con- 
stanten Warmequelle herriihrt, wie die Streifen meiner Unter- 
suchung. Unter dieser Voraussetzung ist also das Doppelte 
der in der sechsten Spalte angefiihrten Betrige der Fehler, 
mit dem eine solche Wellenlingenmessung behaftet sein wird. 
Wie man sieht, iibersteigen diese Fehler bei kurzen Wellen 


sogar den Betrag von 100 A.-E., erreichen bei langen Wellen » | 
aber nur '/, bis '/, dieses Betrages. Die langen Wellen lassen © 


sich mit dem Fluoritprisma also genauer messen als die 
kiirzeren: Eine werthvolle Eigenschaft des Spectrums des 
‘Fluoritprismas fir Spectralmessungen im Ultraroth. Bekannt- 
lich wird die Dispersion des Flussspathes auch im Ultraviolett 
wieder sehr gross, sodass dies Material auch fiir die Darstellung 


des Spectrums der kiirzesten Wellenlingen das geeignetste ist. — 
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Was den zweiten Punkt betrifft, die Verwerthbarkeit der 
Messungen fiir eine der Dispersionsformeln, so kommt da wohl 
hauptsichlich diejenige von Briot') in Betracht. Es hat sich bis- 
her keine der vielen Dispersionsformeln im Ultraroth bewahrt. 
Das Fluorit allein schien nach den Messungen von Carvallo und 


~ Rubens diejenige von Briot gut zu bestatigen. Meine Messungen 
‘geigen, dass der Anschluss an Briot’s Formel fir laingere 


Wellen nicht mehr vorhanden ist, wenn er fir das sichtbare 
Gebiet und erste ultrarothe Gebiet hergestellt wird. Auch 
Rubens miisste dies gemerkt haben, wenn seine Messungen 
s0 genau waren, wie er meint. Die langste von ihm gemessene 
Wellenlinge 6,48 uw entspricht nimlich einem Brechungsexpo- 
nenten, der 14 Kinheiten der vierten Decimale von Briot- 
Garvallo abweicht, entsprechend einer Wellenlangendifferenz 


~ yon 0,086 uw. Rubens findet hier véllige Uebereinstimmung mit 


Briots Formel und gibt an, dass die Bestimmung der Wellen- 
lange als auf 1/, Proc. genau anzusehen sei. Die Abweichung 
betrigt hier aber sicher mehr als 1 Proc. 

In der folgenden T'abelle fitithre ich die Brechungsindices mit 
ihren wahrscheinlichen F'ehlern noch einmal auf und setze dabei 
die auf eine Kinheit der 5. Decimalen genau nach Briot’s For- 
mel mit Carvallo’s Constanten berechneten Brechungsindices. 

Die Formel lautet: 

= at bl? 4eP4di-4; 1=+; 
i ist die Wellenlinge in uw, » der Brechungsexponent. Die 
Constanten sind von Carvallo aus dem sichtbaren und ersten 
ultrarothen Spectrum bestimmt zu: 


a= + 0,4903835 b= — 0,000713835 

c= +0,001584 d= — 0,000001042. 
In der Zusammenstellung fiihre ich die Beobachtungen 
von Carvallo mit an, sowie einige der Bestimmungen von 
Sarasin tiber die Dispersion des Fluorits im Ultraviolett, 


ferner die Differenzen der beobachteten und berechneten 
Brechungsexponenten. 


1) Die Formeln von Ketteler und v. Helmholtz ergeben_ fiir 


- Fluorit nahe denselben Verlauf, wie die Briot’sche; was im Folgenden 
von der letzteren gesagt wiro, gilt also auch angenahert von den ersteren. 
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I. Paschen. 
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1,50940 
1,49629 
1,49041 
1,48462 
1,47517 
1,45958 
1,44697 
1,44214 
1,44121 
1,48718 
1,43393 
1,48292 
1,43200 
1,43192 
1,48101 
1,43096 
1,42996 
1,42996 
1,42904 
1,42799 
1,42804 
1,42699 
1,42676 
1,42658 
1,42607 
1,42592 
142517 
1,42460 
1,42488 
1,42412 
1,42363 
1,42317 
1,42297 
1,42208 
1,42092 


1.38721 
137837 


0,000 





1,50999 
1,49641 
1,49040 
1,48458 
1,47506 
1,45958 
1,44690 


1,44211 - 


1,44099 
1,43711 
1,43394 
1,43295 
1,43212 
1,48192 
1,43100 
1,43095 
1,42999 
1,42994 
1,42903 
1,42804 
1,42800 
1,42706 
1,42674. 
1,42660 
1,42614 
1,42592 
1,42522 
1,42488 
1,42450 
1,42426 
1,423.76 
1,42324 


1,42298. 


1,42216 
1,42101 
1,42040 
1,41978 
1,41847 
1,41708 
1,41635 
1,41404 
1,41153 
1.40883 
1,40592 


~ 1,40280 


1,39949 
1,89597 
1,39224 
1;38830 
1,37978 
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5. Decimale | 
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7,0718 1,36806 


7,6612 
8.2505 
8,8398 
9,4291 132372 | 
Auf Fig. 3 findet sich die Curve x als Function der Wellen- 
jange, 1) nach Briots Formel als ausgezogene Linie | ; 
9, Beobachtungspunkte von Carvallo 3. solche, welche 


P Rub ens in seiner letzten Arbeit angiebt x x x x, mit Aus- 


1,37088 Paschen 




















_nahme des von Rubens als zweifelhatt dain Punktes 


= 3,22n = 1,4174. 4. Die Beobachtungspunkte meiner Mes- 


econ ©OOO®, 


Auf Grund dieser Zusammenstellung behaupte a dass 


j ‘diese Formel mit den angegebenen Constanten Waltechsmbick 


schon bei 1,8 w, sicher aber von 3m an nicht mehr in der 
den Beobachtungen gerecht zu werden. Die Ab- 
Se chungon nehmen mit wachsender Wellenlinge erst langsam, 
‘dann schneller zu und erreichen bei 9 429 w einen Betrag,: der 
$5’ in der Minimalablenkung ai olan Aus den mit ange- 
“fibrten Messungen von Sieasin geht hervor, dass auch im 
“Ultraviolett die Uebereinstimmung nicht pee epe ROR AN OF 
-weichungen gleicher Gréssenordnung hat Ketteler hier friiher 
‘auch von seiner Formel, die grosse Aehnlichkeit rit EEO, s 


‘Formel hat, gefunden. 


Meine Bemiihungen, durch andere Constanten den An- 
“schluss an die Briot’sche Formel zu erreichen, sind gescheitert. 
‘Hs ist nach meinen diesbeziiglichen Reco Re oben nicht 
‘méglich, Constanten fiir die Briot’sche Formel zu ‘finden, 
welche vom 4ussersten Ultraviolett bis zum. Aussersten Ultra: 
roth geniigenden Anschluss an die Beobachtungen erzwingen. 
‘Hr. Prof. Runge war so freundlich, diese Sache weiter zu be- 
arbeiten. Runge beweist die Unméglichkeit des Anschlusses 
an die Formel kurz in folgender Weise: 

Die Formel lautet: 


so tye eh eee spre eye Fee 


n? 
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Man bestimmt die vier Constanten aus vier geeignet aus. 


gewihlten sicheren Beobachtungen: Es wurden gewahlt dig — 


Punkte: 
A ” 
0,19881 1,49629 
0,5893 1,43393 
2.6519 1,42015 
8,8398 1,33079 


daraus ergeben sich die Constanten: 
a = + 0,490133 b — — 0,00067877 
c= + 0,0016894 d = — 0,000001578 
Man berechnete nun fiir alle beobachteten Punkte Werthe 


von 1/n? erstens nach den beobachteten x, zweitens’ nach dep — 


Formel mit diesen Constanten und bildete die Differenzen 
dieser so doppelt berechneten Werthe 1/n?. Diese Differenzey 
betrachtet man in ihrer functionellen Abhangigkeit von /-2, 
Auf Fig. 4 sind die so berechneten Differenzen A 1 /n? als 
Function von der Wellenlinge w aufgetragen und zwar in Hin- 
heiten der fiinften Decimale. Eine Einheit der finften Degi- 
malen im Werthe von 1/n? entspricht ungefahr 1,4 Einheiten 
der fiinften Decimalen des entsprechenden Werthes von n, 


A1/n? als Function von / oder /-? aufgetragen wiirde eine — 


ihnliche Curve ergeben, die sich aber zur Wiedergabe hier 
weniger eignen wiirde. | 


Ks zeigt sich, dass die Curve der 41/n? als Function © 


von /-? zwei Minima und ein Maximum besitzt. Folgende 
Ueberlegung zeigt, dass dies unméglich ist, wenn Briot’s 
Formel gilt: | 


Offenbar muss die Differenz der 1/n? wiederum eine ebenso ~ 


gebaute Function von 7 sein, wie 1/n? selber; nennen wir 


ihre Constanten @, 6, y, 0, so schreibt sich diese Function © 


fo =Al[WmaH=et+ Bl e+yP+or. 
Wir differenziren nach J: | 
fo = —28tF+2yl—-40b. 
Als Gleichung der Maxima und Minima folgt: 
fy =O =1{f—2PE-4+ 2y— 456%. 
Setzen wir /-? = u, so haben wir, da / endlich bleibt, 
(0=—28w+2y—46u%, 


Dispersion des FHluorits. 331 


Da das Glied der ersten Potenz von wu fehlt, so haben 
wir fiir die drei Wurzeln der Gleichung u,u,, die Beziehung: 


Uy + U, + Us = 0, 


d. h. es kénnen héchstens zwei positive Wurzeln berechnet 
werden, welche die Gleichung f() =0 befriedigen. Da die 
Function 41/n? aber fir drei positive Werthe von /-? Maxima 
oder Minima hat, ist es nicht mdglich, den Anschluss an 


Briot’s Formel zu erreichen. 


Das eine Minimum der Curve 41/n? ist bestimmt durch 
die vier letzten Punkte im 4ussersten Ultraviolett. Man kénnte 
diese Punkte ftir fehlerhaft halten, sodass hier kein Minimum 
auftrate, wenn sie richtig waren. Aber es lisst sich zeigen, 
dass selbst, wenn man dies annehmen will, die Form der 
Briot’schen Formel doch nicht eine derartige ist, um den 
Beobachtungen gerecht zu werden. Tragt man nimlich die 
Abweichungen 41/n? als Function von / auf, so ist der Ver- 
lauf der Curve von etwa 2u an fast allein bestimmt durch 
die Constanten @ und y der Briot’schen Formel, sowie nach 
dieser Formel der Verlauf der Werthe 1/n? oder » von 2u 
an fast allein')’durch die Constanten a und c. bestimmt wird. 
Schreiben wir also fiir diesen Verlauf von 2 an: 


AAG he = oe 4 Ue 


Dies ist eine Parabel, die ihren Scheitel an der Stelle 7 = 0 
hat (wie die Differentiation nach / sofort ergiebt). Die 
' Curve 41/n?, als Function von 7 aufgetragen, hat aber ihren 
: tiefsten Punkt etwa bei 7= 4,7, wihrend die 7 von 2 wu 
bis 9,4 w variiren von /=1,4 bis 7=7,2, d.h. diese 
_Hunction ist nicht geeignet, die beobachteten Abweichungen 
- darzustellen. Man miisste noch ein Glied mit 7 dazu nehmen. 
_ Also, selbst wenn man die wohl an sich gar nicht berechtigte 
-Annahme macht, dass die vier Punkte im dussersten Ultra- 
violett falsch sind, kann man die Beobachtungen doch nicht 
' durch eine Gleichung von der Form der Briot’schen dar- 
' stellen. 


1) Die Gréssenordnung der zwei anderen Constanten kann nimlich 


nicht erheblich angenommen werden, ohne dass die Formel ganzlich von ° 
_ den Beobachtungen abbiegt. 
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‘Lasst sich so die Ungiiltigkeit der Briot’schen Forme, . 


rechnerisch nachweisen, so habe ich andererseits. eine That. 
sache gefunden, die mehr ergiebt, als diese Rechnungen: eine 
Thatsache rein physikalischer Natur, die erstens einen wahy. 
scheinlichen Grund fiir die Abweichungen der Beobachtungen 
von der Briot’schen Formel zeigt, und die zweitens damit 
zugleich das Ansehen der Briot’schen Formel autrecht ‘zy 
erhalten geeignet scheint. 


Ich habe auch die Absorption des [luorits untersucht | 


und finde, dass eben dort, wo im Ultraroth die starke Ab. 
weichung von der Formel Briot-Carvallo beginnt, auch die 
Absorption beginnt, merkbar zu werden, und dass weiter zy- 
gleich mit dem Wachsen dieser Abweichungen auch die Ab. 
sorption grésser und grésser wird. In der folgenden Tabelle 
stelle ich die Abweichungen von der Formel Briot-Carvallo 
mit der von mir beobachteten Absorption zusammen. Die 
Absorption allein zu bestimmen war mir in Ermangelung 
einer zweiten Flussspathplatte von anderer Dicke, aber sonst 


gleicher Beschaffenheit nicht méglich. Was ich angebe, ist © 
der Lichtverlust in Procenten, den die Strahlung durch Hin. — 


schieben einer. 4,056 mm dicken klaren urd gut polirten 
Flussspathplatte erfuhr. Julius’) hat zwei verschieden dicke 
Flussspathplatten in ahnlicher Weise untersucht. Aus einer 
Vergleichung meines Absorptionsspectrums mit denen. von 
Julius konnte ich ersehen, dass der von mir gefundene Ge- 
sammtlichtverlust sich zusammensetzt aus einem fir alle 
Wellenlangen nahe gleichen Betrag von 5 Proc., der den 
Reflexionen entspricht, und einem weiteren Lichtverlust, der 
auf Rechnung der Absorption zu setzen ist. Wir haben da- 
nach bei kurzen Wellen fast nur einen Reflexionslicht- 
verlust; erst bei den langen Wellen kommt die Absorption 
dazu. 

Ich gebe die Abweichungen der Beobachtungen von 
der Formel in Minuten der Minimalablenkungen 0 an (sie 
sind proportional den An), da dies bequemer zum Ver- 
gleich ist. 


1) W. H. Julius, Verhandl. d. Ver. z. Bef. d. Gewerbefl. 
p- 231. 1898. ; 


b ver! in| 
4 056 mm 
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Bpifferen? zwischen beobachteter und berechneter Minimalablenkung. 
A408 und Absorption des Fluorits. 


2, 7502 4,4199 5,3039 5,9985 5,8932 6,4825 71,0718 7,6612 


ey 
si 30° 26,59’ 29° 19 25° 28° 31,40/ 28° 13 5’ 279 54,68’ 279 14,12’ 26° 29,65! 25° 41,39’ 
pere 26, 16 17 68 28,95 9.69 49 "45 1,44 18, "68 25,43 


peo? 0,43 1,6 32 3.86 5,23 668 _ 10,97 15,89 


, 6,6 5,8 5,1 5,4 5,9 5,5 5,8 8,1 
gnoritp Wellenlinge uw 8,2505 8,8398 9,4291 
d berechnet 24° 49,08’ 28°52,85’ 22°52,.68" 
0 beobachtet 24° 28,24 25,12 17,90 
dé 20,84 27,73 34,78 
Lichtverlust °/, 14,0 24,0 37,0 
Fig. 5 Curve 1 und 2 veranschaulicht dieses Verhalten von 
~ Ao und von dem Lichtverlust als Function der Wellenlinge. 
| Man sieht an der kleinen Zusammenstellung zwar keine 
genaue Proportionalitaét zwischen der Absorption und den Ab- 
_ weichungen von der Formel Briot-Carvallo, sondern nur ein 
' Parallelgehen dieser zwei Eigenschaften. Allein, erstens ist es 
- in einigen Dispersionstheorien zu verstehen, dass die Absorp- 
tion schon aus grésserer Herne die Dispersion beeinflusst, 
-godass die. Dispersionscurve schon vor der eigentlichen Ab- 
sorptionsstelle von ihrer friiheren Bahn allmi&hlich abbiegen 
kann. Zweitens muss man bedenken, dass die Formel Briot- 
 Garvallo aus Wellenlangen zwischen 0,4 und 1,4 berechnet 
ist und doch die Wahrheit auch hier mahtichemben: nur an- 
- genihert darstellt. 
| Jedenfalls scheint mir der Schluss berechtigt, dass diese 
Abweichungen zwischen der Formel und den Beobachtungen 
‘sehr enge mit der Absorption verkniipft sind, indem eine Er- 
scheinung als Ursache der anderen anzusehen ist, oder beide Er- 
 scheinungen clie gleiche Ursache haben oder dergl., und dass ferner 
die Briot’sche Formel auch hier noch angenihert gelten wiirde, 
‘wenn hier cet. par. die Absorption noch nicht vorhanden wire. 
Schliesslich spreche ich Hrn. Prof. H. Kayser, unter dem 
“es mir vergénnt war, die letzten Jahre zu arbeiten, fir sein 
“Wohlwollen meinen Arbeiten gegentiber und seine grosse 
Liberalitat, ohne welche mir bei den geringen Mitteln des 
Tustitutes ere Arbeiten unméglich gewesen wiren, meinen 
‘warmsten Dank. aus. 


Hannover, Juni 1894. 




















































































































6. Die genauen Wellenlingen der Banden des 
ultrarothen Kohlensdure- und Wasserspectrums; 
von F. Paschen. 7 





Wenn ich im Folgenden die Wellenlingen der ultrarothen a 


Spectra der Kohlensiure und des gasf6rmigen und fliissigey 


Wassers einer nochmaligen Correction unterziehe, so geschieht 


dies, weil es mir nunmehr auf Grund meiner Wellenlingen-. 
aichung des benutzten Fluoritspectrums méglich ist, die Mehler. 


grenzen anzugeben, innerhalb deren diese endgiiltigen Wellen. — 


angen als richtig anzusehen sind. MHierdurch, glaube ich, 
erhalten diese Wellenlangenangaben in mehcicher Beziehung 
einen grésseren Werth. Um nur einen Fall ihrer Anwend- 
barkeit anzufiihren, so diirften einige von diesen Wellenlingen 
sehr geeignet sein, um Spectralmessungen im ultrarothen 
Spectrum auf Wellenlingen zuriickzuftithren: in abnlicher Weise, 
wie man die sichtbaren Spectren durch die Linien der Sonne, 
der Metalle oder des Wasserstoffes aicht. Ich wiirde in dieser 
Beziehung die Maxima der Bunsenflamme oder die Minima 
empfehlen, die als Banden der Wasserdampf und Kohlensiure 
enthaltenden Zimmerluft in der Energiecurve jedes festen 
eliihenden Kérpers auftreten. Benutzt man dabei dann noch 


das Spectrum eines Flussspathprismas, so ware auf diese 
Weise ein Susserst genauer Anschluss an meine Dispersions- 


messung zu erreichen. 

Die im Folgenden angegebenen Zahlen sind die Resultate 
meiner drei Aufsitze ,,Ueber die Emission der Gase‘. Die 
Anordnung der Tabellen ist dieselbe, wie in meiner dritten 
Arbeit, auf die ich mit 1. c.1) verweise. Ich gebe hier nur 
die Wellenlingen an und setze, wo Vergleichsbestimmungen 
von Langley (L), Angstrém (A) und Julius (J) vorliegen, 
diese daneben. Auch die von mir mit dem Gitter gefundenen 
Wellenlangen finden sich an den betreffenden Stellen mit der 
—Bezeichnung G angefiihrt. | 

Die aufgefiihrten Wellenlangen sind mit Hilfe einer 
eraphischen Darstellung der Abweichungen von der Formel 


Briot-Carvallo und dieser Formel berechnet. Sie sind be- — 
freit von den Fehlern, welche die Nichtcoincidenz der bolo- — 





1) F. Paschen, Wied. Ann. 52. p. 209. 1894. 


q metris 





Wellenliingen. — 33D 


«chen und ocularen Kinstellung mit sich brachte. Ihre Fehler 

sind im allgemeinen nur bestimmt durch die Fehler der spectralen 
Durchmessung der betreffenden Spectren, da die Fehler der 
Festlegung der Wellenlingenscala kleiner sein diirften, als 
diese Fehler. Im alleemeinen diirfte die Grésse der Fehler 
hochstens 0,02 u sein. Die scharfen Hauptmaxima aber, ye 
denen ich frither noch zehntel Minuten der Minimalablenkt'ag~ 
angab, haben einen Fehler, der 0,01 uw nicht erheblich iiber- 
steigen kann. Diese Werthe sind im Folgenden unterstrichen. 


q Von den unscharfen Banden, besonders von den langwelligen 


des fliissigen Wassers, lassen aia die Wellenlangen der Maxima 


; nur bis auf ca. 0,05 w verbiirgen. 


Das Kohlensa&iurespectrum (vgl. l.c. p. 226). 
Kleinere Erhebung Maximum 
yon 2,358 uw bis 3,016. 17° ’ trocken 2,715 | 270 A 
ungetrocknet 2,686 | ~ : 


Haupterhebung Bunsenflamme 4,403 w 4,82 J. 
yon 4,009 w bis 4,799 u iiber 1000° 4,388 
600° 4,344 : 
lg? eee O00, 46. 486 4. 


Das Wassergasspectrum (vgl. l. ¢. p. 226). 
Kleinere EKrhebung Maximum 
yon 1,141 bis 1,733 Knallgasfamme 1,419 u 
: | Bunsenflamme 1,462 1,42 G. 
iiber 1000° 1,462 (1,4 L.) 


Kleinere Erhebung Knallgasamme 1,885 1,86 u. 1,97 G. 
von 1,733 w bis 2,245 $Bunsenflamme — 1,905 
| iiber 1000° ~—1,925 (1,88 L.) 


Gréssere Erhebung Knallgasflamme 2,813 2,84 G 2.67 J. 


yon 2,242 u bis 2,272u Bunsenflamme 2,831 


iiber 1000° 2,812 
500° 2,717 
100° 2,661 2,64 L. 


Maximum II (vel. l. @ p. 214). 


_ Starke Erhebung von 4,800 u — 6,250 u enthalt foleende Einzelmaxima. 





Bunsenbrenner Emission ca. 600° Absorption 100° 


Intensitiit Intensitit Intensitit 
mm aR [ee ae ; am Ms Proce. 




















a schwache sail schwache 
| Knicke | 57 Ay f Knicke 
| wes 
Salt ——«190,,3 | 5,607 00,5 5,900 69,7 
| 5,180. schwach 5,249  schwach 


1) Schwitcheres Maximum als Knick der Energiecurve. 


6,074") schwach 

















































































































336 ies Paschen. Wellenlingen. 


Maximum I (vgl. 1. e. p. 214). 
Starke Erhebung von 6,25 w — 8,54 enthilt folgende Einzelmaxima. 
—————————E——— 





= 


Emission ca. 600° Absorption 100° ; 


Intensitit | 


Bunsenbrenner 
Intensitit 











7,574 
7,440 
7,342 
7,238 
7,027 
6,814 
6,563 
6,495 4)) 


(Vel. 1. ce. p. 215.) 








Lage der héchsten Stellen im 





Temperatur Maximum [| Maximum II 

















Knallgasflamme = 5,322 
Bunsenflamme 1470° . 6,620 5,377 
1000° 6,597 5,416 
ca. 600° 6,563 5,607 
100° 6,527 5,900 

17° Gas — 6,512. 5,948 2) 
17° fltissig —. 6,061 


A bsorptionsbanden des flissigen Wassers. 
(Vgl. lc. p. 218.) 
Schicht- | von bis | von bis | von bis | von bis | von bis 
dicke | 5,624 6,385 | 4,405 5,146 | 2,358 3,769 | 1,768 2,360 | 1,436 1,768 
i Max. Max. ; Max. Max. 

















6,061 4,741 2) a ae 
6,061 ee es 
7,22 1,92) 1,422) 
6,061 as 
— 3— tiber 20 1,9?) 1,42") 
a 2.055 1,513 














Hannover, cans 1894. 


1) Sehr schwaches Maximum als eben bemerkbarer Knick der 
Inergiecurve. 

2) Schwicheres Maximum als Knick der Energiecurve. 

3) Es sind indessen deutlich in allen Hnergiecurven zwei getrennte 
Absorptionsminima des Wasserdampfes der Zimmerluft zu sehen, eins bei 
6,029, ein zweites bei 5,891. 5,948 entspricht der Mitte der ganzen Bande. 





Intensitiit — 





1. Ueber die Dispersion des Steinsalzes im Ultra- 
roth; von F.. Paschen. 
(Hierzu Taf. III Fig. 6.) 





Nachdem ich die Wellenlingenvertheilung in dem ultra- 
yothen Spectrum. meines Fluoritprismas bestimmt, und darauf- 
hin meine friiheren Spectralmessungen in genauer Weise auf 
Wellenlingen bezogen hatte, bemerkte ich, dass die Messungen 
yon W.H. Julius, welche sich zum Theil auf dieselben Spectren 
pezogen haben, wie meine fritheren Messungen, Wellenlangen- 
angaben enthalten, welche bis ca. 5m nicht schlecht mit 
meinen Wellenlangenangaben iibereinstimmen!), jenseits 5 u 
aber ganz erheblich abweichen. Julius hat seine Messungen 
an dem Spectrum eines Steinsalzprismas gemacht und die. 
Wellenlingenangaben auf die von Langley bestimmte Dis- 
persionscurve gestiitzt. Nun ist diese Dispersionscurve des 
Steinsalzes von Langley gerade nur bis 5,3 uw beobachtet. 


- Dariiber hinaus hat Julius zur Ermittelung der Wellenlangen 


diese Curve im Sinne ihres letzten Verlaufes geradlinig extra- 
polirt. . 

Daraus ergiebt sich also, dass unsere Messungen iiber- 
einstimmen, soweit Julius eine sicher beobachtete Dispersions- 
curve zu Grunde legt, dass sie abweichen, wo Julius extra- 
polirt. ks liegt der Gedanke nahe, dass ‘ies Extrapolation, 
die auch Langley und Angstrém in dbnlicher Weise zur Er- 
mittelung von Wellenlangen vorgenommen haben, der Wirklich- 
keit nicht entspricht. Sind die Spectralmessungen von Julius 
richtig, und daran ist wohl weniger zu zweifeln, als an der 
Richtigkeit der erwahnten Extrapolation, so ist es mit der 
nunmehr bis. 9,4 bekannten Dispersion des Fluorits méglich, 
durch eine Vergleichung der betreffenden Spectren, . welche 


_dulius mit dem Steinsalz-- und ich mit dem Fluoritprisma 


festgelegt haben, die Dispersion des Steisalzes bis 9,4 ts Zu 
bestimmen. 





1) Dies ersieht man aus der vorstehenden Mittheilung. 
Ann, d. Phys. u. Chem. N. F. 53. 22 












































































































































338 F. Pathe 


Nun haben die wenigen beiderseits vorhandenen Spectren 
zwar nur wenige characteristische Spectralstellen. Diese sind 
ausserdem theilweise nicht sehr scharf, sodass eine sehr ge. 
naue Bestimmung auf diesem Wege zur Zeit noch nicht mig. 
lich ist. 
ergiebt ein Resultat, welches von denjenigen wohl kaum er- 
wartet ist, welche das Steinsalzprisma zur Darstellung der 
ultrarothen Spectren benutzten. 

Ich verfahre in der folgenden Weise: 

1. Bande des fliissigen Wassers bei 0,04 mm Schichtdicke, 
Erstreckt sich nach meinen Messungen von 4,41—5,15 w und 
hat ihr Maximum bei 4,729 wu. Nach den Zeichnungen und 
Angaben von Julius?) erstreckt sich dieselbe Bande von der 
Minimalablenkung seines Steinsalzprisma 39°0’ bis zu der- 
jenigen 38°35’ und hat ihr Maximum bei 38°47’. Der brechende 
Winkel betrug dabei 59°52’ 22”. Hieraus berechnen sich 
zwel von den Grenzen der Bande herriihrende unsichere und 
ein vom Maximum herrtihrender sicherer Punkt der Dispersions- 
curve des Steinsalzes namlich: : 


ui 4 AL 4,729 5,15 
n= 1,5223?  —-1,5198 1,5176? 


2. Bande des fliissigen Wassers 5) 


von. bis Maximum 
w nach P. 5,6241) 6,385 6.061 
Minimalabl. J. 38° 35’ 38° 10’ 38° 20’ 
| m= 1,5176? 11,5128?  1,5147 


Absorptionsspectrum des CCl,*). Brechbarere Bande | 


von bis Maximum 
uw P. 6,717 6,128 6.456 
Minimalabl. J. 38°95 38° 28’ 38° 16’ 
m1,5118? 1,5162? * 1,5189 





1) W. H. Julius, Verh. d. Ver z. Bef. d. Gewerbefl. p. 232, 1893. 
2) Nach Julius stossen diese und die vorhergehende Bande zu- 
sammen bei 38° 35’, in meinem Spectrum sind sie viel schirfer, da die 
Grenzen 0,47 u auseinanderliegen. Erst bei 0,08 mm Schichtdicke stossen 


sie zusammen bei 5,3 w dies wiirde also m = 1,5176 besser entsprechen. \— 


Ich werde infolgedessen die Grenzen dieser Banden nicht benutzen. 

3) Dieses Spectrum habe ich zum vorliegenden Zwecke in ahnlicher 
Weise, wie Julius durch Ermittelung des Lichtverlustes, den die ut- 
spriingliche Strahlung durch Einschieben des Absorptionstroges erlitt, 


Aber eine erste Annaherung wird erhalten, und sie — 


arbeit bestimmt und dort die Curve aufgetragen (Fig. 5 Curve 2) 
die starke Absorption 


_halten 39,7 Proc. resp. 40,6 Proc. 





Dispersion des Steinsalzes. 


Weniger brechbarere Bande 
von bis 
uw P. 8,443 7,690 
Minimalabl. J. 37925’ , 37° 48’ . 
m= 1,5041?  —1,5086? 


Maximum 


1,5061 


: Langwellige Maxima des Wassergases in der Knallgasflamme. 


In der Julius’schen Zeichnung!) zeigen sich die zwei 
Haupterhebungen soeben angedeutet. Ich lese ihre Maxima, bej 
folgenden Minimalablenkungen ab: 


Maximum I[ Maximum II 
uP. 6,70 0,322 
Maximalabl. J. 38° 5’ 38° 35’ 
m 1,5116? 1,5174? 


Der brechende Winkel betrug hierbei 59°53’ 20”. 
Die Absorption des Fluorites habe ich in meiner Dispersions- 


? 


beginnt bei u P. 7,94 
Minimalabl. J. 87° 30’ 
m 1,5051? 


Der Punkt ist natiirlich unsicher. Der Gesammtlichtverlust 
erreicht nach Julius bei der Stelle 36°50’ seines Spectrums 


fiir, die Plattendicke 1,49 mm den Betrag 24 Proce. 
9 ” 9 2,88 9 9 - 99 88 Proce. 


Ich ziehe davon die 7 Proc. Lichtverlust ab, die im ganzen 
Spectrum von Julius vorhanden sind; und der Reflexion zu- 


} zuschreiben sein diirften, und erhalte 


fiir d = 1,49 mm Absorpt. 17 Proc. 
7 =, 2,88 -,, a 31 Proe. 


Fir eine Fluoritplatte von 4,056 mm Dicke wiirde Julius 
an dieser Stelle daher nach den Absorptionsgesetzen2) er- 
Das Mittel ist 40,2 Proc. 


bestimmt. Die Schichtdicke betrug 0,08 mm. Die Flissigkeit befand 
sich zwischen zwei Fluoritplatten. Die zwei brechbareren Banden erhielt 
ich gut, besonders die brechbarste. Die Gestalt wich nur unwesentlich 


von Julius’ Curve ab. Von der Publication dieser Curven glaubte ich 


‘daher absehen zu diirfen. 


1) W. H. Julius, Licht- und Warmestrahlung verbrannter Gase. 
Preisschrift 1890. Taf. II Fig. 1 Curve e. 


2) Da die Absorption des Fluorits hier verhaltnissmissig langsam 


‘Steigt, diirften die Abweichungen yon diesen Gesetzen infolge falschen 


Lichtes unerheblich sein, 
226 





























































































































340 F. Paschen. 


In meinem Fluoritabsorptionsspectrum betrug der der Re- | 


flection zuzuschreibende tiberall vorhandene Lichtverlust 5 Prog, 


Der Gesammtlichtverlust von 45 Proc., ist nach meinen Be. © 


stimmungen bei 9,760 uw erreicht. ‘Wir haben also 


u Paschen Minimalablenkung J. n 
9,760 BGS ve 1,4973 


Durch Vergleichung der. quantitativen Absorption fand ich © i 


in analoger Weise die weiteren Punkte: 


Lichtverl. 
in meinem 
Spectrum 


2053016 


ue Paschen Minimalablenkung J. n 


8,669 37° 20' 1,5032 
9.098 87%. 10;;\/ 1,5012 
37,6 9.455 87° 0! 1,49938 


Folgende kleine Tabelle enthalt die Resultate meiner — 


Vergleichungen: 


Dispersion des Steinsalzes. 
n n 
on — 


care cece tee cee cee 
Langley Paschen- Langley Paschen- 


em Interpol. Julius. _Extrapol. Julius. 
2,831 1,5244. 1,5178 1,5147 

i i 1,5i71  1,516g¢ 
2,985 1,5241 1,5165 11,5189 
4,403 1,5208 1,5160 1,5116° 

5 i | | 1,5159 11,5118? 
4,729 1,5200 15140 —_1,5086? 
5,822 1,5188 ; 151385 11,5051? 


Die 4 ersten Werthe stammen Heaes Peoae 
aus dem Vergleich der Maxima ; 1, ee 

a EMEC’ 15120 ° 1,5082 
der Bunsen amme und eines Ab- 1,5110 1,5012 
sorptionsmaximums des fliissigen 1,5102 1,4998 
_ Wassers (vgl. vorst. Arb. p. 336). 1,5096 1,4974 


Die mit ? versehenen Werthe sind ihrer Herleitung nach ungenauer. 


Auf Fig. 6 Taf. III findet man 1. nach den Bestimmungen 


von Langley eingetragen die z als Function der u OOO; . 
2. nach denen von Rubens u. Snow?) x x x; 38. nach den ™ 


hier vorliegenden Bestimmungen von mir .........; 4. 1st 
die von Julius extrapolirte und zu seinen Wellenlingenangaben 
benutzte Curve als gerader Strich eingezeichnet. 


1) H. Rubens u. B. W. Snow, Wied. Ann. 46. p. 529. 1892. 


| |  treffen. 





Dispersion des Steinsalzes. 24] 


Nach meinen Bestimmungen nimmt die Dispersion des 
Steinsalzes jenseits 5 wieder zu und verliuft in dem Sinne, 
den der letzte Punkt der Langley’schen Bestimmungen be- 
yeits andeutet. Es findet sich also auch in der Dispersions- 
curve des Steinsalzes im Ultraroth die charakteristische In- 


flexionsstelle, wie bei der des Fluorites: ein Resultat, welches 


die Dispersionstheorien interessiren diirfte. - 

Die Bestimmungen von Rubens u. Snow ergeben, dass 
die Dispersion des Steinsalzes jenseits 5,3 u sogar noch etwas 
kleiner wird. 

Allein gegen diese Bestimmungen sind mehrere schwere 


| fBedenken zu erheben, namlich 1. dass die Absorptionsminima 


des Wasserdampfes der Zimmerluft ebenso stérten, wie bei 
Fluorit, dessen Dispersion bei langeren Wellen dadurch ginz- 
lich falsch bestimmt wurde; 2. geht das Interferenzminimum 
yon Rubens u. Snow, auf dem diese langen Wellenlingen 
beruhen, sogar zu negativen Galvanometerausschligen herab. 
Ich habe diesen Punkt in einer Anmerkung zu meiner Dis- 
persionsarbeit besprochen. 

Aus diesen Griinden glaube ich, dass die Angaben von 
Rubens und Snow tiber die langen Wellen auch fir das 
Steinsalzspectrum irrig sind. Jedenfalls dirfte die Sicherheit, 
mit der meine Vergleichsbestimmungen ausgefiihrt sind,’ die 
Sicherheit ihrer Bestimmungen bei langen Wellen weit iiber- 


Ich will nicht unterlassen, darauf hinzuweisen, dass sich 
Langley’s langwelliges Sonnenspectrum?) nun als schénes 
Absorptionsspectrum einer sehr dicken Schicht Wasserdampf 
erweist. Die Hnergie beginnt dort nach den starken Ab- 
sorptionen wieder bei 38° und erreicht ihre héchste Stelle 
wieder bei 37°40’. Dies entspricht ca. 7,8. Nach meinen 
Untersuchungen liegt nach den starken Wasserdampfabsorptionen 
die grésste Hnergie irgend eines heissen festen Kérpers etwa 


"bei 7,9 


Aber mit den langen Wellen, welche mit Hiilfe des Stein- 
salzprismas erreicht sein sollen, und die sich nach Langley 
auf 380 belaufen sollen, steht es nunmehr schlecht. Es ist 


1) 8. P. Langley, Am. Journ. of Se. III. V. Pl. 9. p. 36. 1888. 
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342 FI, Paschen. Dispersion des Steinsalzes. 


nicht unwahrscheinlich, dass von einer grésseren Wellenlingg — 
als 15 im Spectrum noch nie eine Wirmewirkung beobachte, 
ist. Thatsichlich reichen die Spectralmessungen von J uliug @ 
und Ang strém, die mit einem Steinsalzspectrum gemacht _ 
sind, kaum weiter, als meine Messungen, die mit dem Fluorit. _ 


prisma gewonnen sind. 


Die von mir im Vorhergehenden gemachten Vergleichs. 
bestimmungen lassen sich natiirlich erheblich verfeinern, wenn — 
beiderseits schirfere Spectra aufgenommen werden. Auf diege 
Weise wire eine ziemlich genaue Bestimmung der Dispersion | 
des Steinsalzes méglich. Besser wiirde es sein, wenn diese 7 
Dispersion in Ahnlicher Weise neu bestimmt wiirde, wie dic 
Dispersion des Fluorits von mir festgelegt ist. Ich glaube, 
dass ich zu weit geringeren Minimalablenkungen vordringen © 
konnte, als es Langley 1885 gelang. Auch glaube ich, dass _ 
ich auf der Wellenlingenscala noch erheblich weiter kommen i 
wiirde, als beim Fluorit, wo die beginnende Absorption eine | 


zu friihe Grenze setzte. 


Ich habe nun zwar die Hauptsache fiir eine solche Be- ' 
stimmung, das Gitter und die empfindlichsten Bolometer, aber : 
mir fehlen durchaus die Mittel zur Beschaffung eines guten og 
Steinsalzprismas und zu einer soliden und _hierfir geeigneten — 
Montirung meines Spectralapparates. Sollte mir Jemand diese 
Mittel zur Verfiigung stellen wollen, bin ich bereit, diese | 


wichtige Untersuchung zu machen. 
Hannover, Juni 1894. 
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- MELANGES PHYSIQUES ET CHIMIOUES - 
BULLETIN DE VACADEMIE IMPERIALE DES SCIENCES — 
- DE ST. -PETERSBOURG. | 


98 Octobre 
as) Novembre 1880 


Zur Spectroskopie des Wasserstoffs. Von Dr. B. Has- 
selber g. 


tamed. une Planche.) 


| 7 bel Gelegenheit seiner. bekannten Untersuchungen 
iiber die Spectra der Gase in Geissler’schen Rohren 
hat Wiillner!), ausser den schon von Plicker’) be- 
obachteten Spectralerscheinungen des Wasserstoffs, 

unter gewissen Verhiltnissen in mit diesem Gase ge- 
fillten Réhren noch ein neues, vorher nicht gesehenes 
Spectrum gefunden, welches er als ein besonderes 
Spectrum desselben Gases bezeichnet. Dies Spectrum 
geigte sich jedesmal dann, wenn der Inductionsstrom, 

namentlich unter Einschaltung einer Leydner Flasche, 
durch die Réhre gefiihrt wurde, nachdem die Verdiin- 
nung des Gases auf den héchsten, mit einer Sprengel- 
schen Luftpumpe erreichbaren Grad getrieben war. — 
Das vorher rothe Licht der Réhre ging dabei in ein 
helles Griin iiber und dem entsprechend bestand das 
Spectrum aus einem Systeme sehr heller im Griinen und 
Blauen liegender Liniengruppen. Um die Lage der 
Hauptlinien néher zu bezeichnen benutzte Willner 


es 


1) Pogg. Ann. Bd. CXXXYV. p. 497. 
2) Phil. Trans. 1864. 3 
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die Minimalablenkungen seines Prismas, dessen bre- 
chender Winkel 60° 2050 betrug und fiir welches die 
Brechungsindices der drei Wasserstofflinien die fol- 
genden Werthe hatten: 


1 743355 
== 1.772210 
== 1,790564. 


Die von Willner gemessenen Linien werden nun 
folgendermassen beschrieben : [o = kleinste Devia- 
tion]. | 


No.1. Mittelste helle Linie der ersten 
aus drei hellen Linien bestehen- 
den Gruppe: | @ = 62°47'40” 

Ne 2. Mittelste Linie der zweiten, aus 
drei bestehenden Gruppe: = 63 1015 

Ne 3. Zweite hellste Linie der drit- 
ten, aus zwei hellen Linien be- 
stehenden Gruppe: 

Ne 4. Erste helle der vierten, aus 
zwei sehr nahe liegenden Linien 
bestehenden Gruppe: 

. Mittelste Linie der fiinften, aus 
drei hellen Linien bestehenden 
Gruppe; die Linie ist die hellste 
und hat mehr als Spaltbreite*) == 64 22 20 

6. Mittelste helle Linie einer Grup- 
pe von wenigstens sechs einzel- 
nen Linien: = 64 38 40 


= 63 29 20 


== 63 46 25 


3) Die Linie ist in der Wirklich keit doppelt, ebengo wie denn: 
mittelbar vorhergehende Linie der Grappe: 


Ausser diesen Linien waren noch H, und einige, 
obgleich sehr schwache Spuren von H, zu sehen, so- 
wie an der Grenze des Griin gegen ‘Gelb hin eine 
schwachhelle Partie. Ferner liessen sich zwischen der 
ersten und zweiten Gruppe zwei schwache, helle Li- 
nien und zwischen der dritten und vierten Gruppe 
etwa drei schwache Linien beobachten. Jenseits Z, 
erschienen noch einige helle Streifen, deren Lage je- 
doch nur sehr. beilaufig angegeben ist. — 

Man ersieht aus dieser Beschreibung, dass das frag- 
liche Spectrum jedenfalls einen ganz anderen Charac- 
ter trigt, als diejenigen Spectra, welche vorher von 
Pliicker u. A. in Wasserstoffrohren beobachtet wa- 


ren, und es musste natiirlich zunichst die Frage ent- 


stehen, ob dies Spectrum dem Wasserstoffe selbst wirk- 
lich zugeschrieben werden konnte; ob nicht dasselbe 
vielmehr von irgend einer anderen Substanz, mit wel- 
cher das Gas in Beriihrung gewesen, herriihre. — Da 
Schwefelsiiure und Phosphorsiure-anhydrid zum Aus- 
trocknen des Gases benutzt waren, so kénnte der Ver- 
dacht entstehen, dass das ‘Spectrum auf Schwefel oder 
Phosphor sich zurtickfihren liesse, namentlich weil be- 
kanntlich Wasserstoff auf concentrirte Schwefelsaure re- 
ducirend wirkt, oder man konnte vermuthen, dass das- 
selbe aus Theilen der Spectra des Aluminiums und des 
Quecksilbers aufgebaut ware, da die Electroden aus 
dem erstgenannten Metalle bestanden und das Auf- 
treten der helleren Quecksilberlinien in Geissler’- 
schen Réhren bei starken Verdiinnungen eine sehr ge- 
wohnliche Erscheinung ist. Diese Fragen hat auch 
Willner niher untersucht, ohne indessen dabei zu 
irgend einem Resultate zu ented welches derar- 
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tigen Vermuthungen giinstig ware. Unter solchen Ver- 
hiltnissen hat sich deshalb Willner fir berechtigt 
angesehen das fragliche Spectrum als ein neues Linien- 
spectrum des Wasserstoffs zu bezeichnen. 


Gegen diese Deutung der Erscheinungen trat aber 


kurz nachher Angstrom) auf und zeigte, wié es 
scheint, aus sehr triftigen Griinden, dass das neue 
Spectrum, den Wiillner’schen Versicherungen entge- 
gen, jedoch Schwefel angehéren musste. Als ndmlich 
Angstrém mit Hilfe der von Wiillner gegebenen 
Zahien die Wellenlingen der gemessenen Linien gra- 
phisch ableitete und mit denjenigen der Hauptlinien 
des Schwefelspectrums verglich, so stellte sich, unter 
Beriicksichtigung des Umstandes, dass weder Wiillner’s 
Messungen, noch die vorhandenen Wellenlingenbestim- 
mungen im Schwefelspectrum auf eine besonders grosse 
Genauigkeit Anspruch machen konnten, zwischen den 
beiden Spectra eine so gute Uebereinstimmung heraus, 
dass an der Identitat des Ursprungs derselben kaum 
gezweitelt werden konnte. Um die Zulassigkeit dieser 


Ansicht deutlich zu zeigen, mag die darauf beziigliche | 


Zusammenstellung Angstrém’ s °). “her aufgetiihrt 
werden : 


_ Angebliches Wasserstoffspetrum : a 
NM 1. Gruppe von 3 Strichen; B67 1 
mittlerer: Strich:) 25°25; } == 5647 ) 5645 


( 5613 


4) Pogg. Ann, Bd. CXXXVIL. p. 300.—C. R. Vol. LXXIII. p. 368. 
5) a. a. O. p. 304. Die Wellenlangen sind hier, wie iiberall wei- 
ter unten in Kinheiten der 7ten Stelle des Millim. angegeben. 
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\e 2. Gruppe von 3 Strichen ; SLE BATA.: 

mittlerer Strich: ...... = 5469 ) 5451 
\ 5432 
Je 3. Gruppe von zwei Strithen; 5345. 
| gweiter Strich ..... e 9s 5994) 5320 
i 4. Gruppe von zwei Strichen; = 5221 ul 5207 
erster otrich: ... 9-43... ( 5191 
\e 5. Gruppe von 3 Strichen; 9027 
'mittlerer Strich:... 2. /.-. == 5015; 5013 
| 3 7 ( 4994 

Ne 6. Gruppe von tiber 6 Stri-. 
chen; mittlerer Strich:. . . = 4930 4926. 


Diesen Zahlen gegeniiber, deren Beweiskraft bei. 


unparteiischer Beurtheilung wohl schwerlich in Ab- 
rede gestellt werden kann, sucht indessen Willner 


nichtsdestoweniger seine vorher gefasste Meinung auf- 


recht zu erhalten, indem er, wegen der grossen Zahl 
der im Schwefelspectrum vorkommenden Linien, die 
hier aufgezeigten Ubereinstimmungen als zufallig be- 
trachtet, und fiir die Identification zweier Spectra das 
Aufzeigen einer auf simmtliche.Linien derselben sich 
erstreckenden Ubereinstimmung als conditio sine qua 
non verlangt. Das Unberechtigte einer solchen Forde- 
rung leuchtet aber sofort ein. Denn, wenn es auch 
einerseits principiell richtig ist, dass aus der Coinci- 
denz einiger wenigen, isolirt liegenden Linien auf die 


Identitat zweier Spectra im Allgemeinen nicht ge- 


schlossen werden darf, so ist andrerseits zu beachten, 
dass, wenn wie hier die Ubereinstimmung sich nicht 
nur auf die Lage, sondern auch auf die relative In- 
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Algsnun unter diesen Bedingungen der Strom einer 


grossen durch 5 Bunsen’sche Elemente erregten Induc- 


tionsrolle durch den Apparat geftihrt wurde, so erhielt 
man natiirlich zunichst das gewohnliche Spectrum der 
Luft und bei allmalich fortschreitender Verdtinnung 


alle schon lingst bekannten Abstufungen des cannelir- 
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ten. Stickstoffspectrums, auf welchem die drei Wasser- 
stofflinien H,, H, und H,, projiciirt waren. Sobald die 
Verdiinnung einen SO hohen Grad erreicht hatte, dass 


der Druck jedenfalls nur Bruchtheile eines Millim. be- 
-trug, war das Stickstoffspectrum vollstindig verschwun- 


den und es blieben nur die Wasserstofflinien tbrig, 
neben welchen einige, an Intensitét allmalich zuneh- 
mende Streifen des Kohlenoxyds erschienen, wie es un- 
ter ihnlichen Verhaltnissen in Geissler’schen Réhren 


fast immer der Fall ist. — Insofern boten die Erschei- 


nungen nichts Neues. Ehe ich aber die Versuchsver- 
hiltnisse weiter abinderte, fiel es mir ein zuerst eine 
Leydner Flasche in den Kreis des Inductionsstroms 


einzuschalten , um zu priifen, ob die sonst im Allge-~ 


meinen gemachte Erfahrung, dass dieselbe bei kleinen 


Drucken sich nicht ladet und infolge dessen auf das. 


Spectrum keinen Einfluss austibt, sich auch im gegen- 


wirtigen Falle bestatigen wiirde. Ich wurde dabei, 


muss ich gestehen, etwas tiberrascht zu finden, dass 
das vorher weissliche, den. ganzen Apparat bis weit in 
die Verbindungsréhre mit der Luftpumpe hinein aus- 
fillende Licht sich augenblicklich in den engen Canal 
des Réhrchens v zusammenzog und zugleich seine Farbe 


‘in eine eigenthtimliche Mischung von Roth und Griin 


verinderte. —- Gleichzeitig erschien im Spectroskop 
ein ganz neues Spectrum, welches, ausser den jetzt 
etwas verschwommen’ gewordenen Wasserstofflinien, 
vom Gelbgriinen an bis weit ins Violette hinein eine 
erosse Menge sehr heller und gut markirter Linien 
zeigte. Anfangs glaubte ich in diesem Spectrum das- 


jenige des Chior zu erkennen, was aber bei einer 


néheren Untersuchung sich als irrig erwies. Um in- 
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dessen hiertiber unzweideutigen Aufschluss zu erhal- 
ten, unternahm ich eine méglichst genaue Wellenlan- 
gen bestimmung sémmtlicher mehr hervorragender Li- 
nien, und zwar durch mikrometrische Verbindung der- 
selben mit passend liegenden Linien des Kupfers, Cad- 
miums, Zinks, Bartums und der Luft, deren Wellen- 
liangen Thalén’s Tafeln entnommen wurden. — Jede 
zu bestimmende Linie wurde dabei durch vier unab- 
haingige Messungen mit den Referenzlinien verbunden 
und ausserdem von einzelnen derselben zwei verschie- 
dene Beobachtungsreihen ausgefiihrt. Um von der 
bei diesen Beobachtungen erreichten Genauigkeit eine 
Vorstellung zu geben, mégen hier die Resultate der 
Wellenlingenbestimmungen einiger Hauptlinien des 
Spectrums aufgeftihrt werden, welche an zwei ver- 
schiedenen Tagen erhalten wurden: 























Oct. 2. 


5431.4 
5452.4 
5471,9 
5508,2 
5563,6 
5605,6 
5642,7 
5660,7 


Oct. 4. 


5428.0 
5449.5 
5469,4 
5506,4 
55591 
5602,1 


5635,9 


5658,7 


Mittel. 


5429.7 


5451,0 
5470,6 
5507,3 
5561,3 
5603,8 
56393 


—5659,7 























Im Allgemeinen diirfte hiernach der wahrschein- 


liche Fehler einer Wellenlinge auf kaum mehr als 
eine Kinheit der 7°" Stelle veranschlagt werden kén- 
nen, was, da das Spectroskop nur ein Rutherfurd’- 
sches Prisma mit einer beiliufigen Dispersion von 7° 
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zwischen B und H besass, als recht befriedigend und 


fiir den Zweck der Identification des Spectrums hin- 
reichend bezeichnet werden kann. — | 
Wie schon erwihnt, war das Licht im engen Canal 
des Rohrchens 7, sobald das genannte Spectrum auf- 
trat, eine Mischung von Roth und Griin, oder besser 
ausgedriickt , aus einer centralen rothen Linie mit — 
einem griinen Mantel gebildet: — Nachdem aber der 
Strom einige Minuten durch den Apparat gegangen 
war, ging das Licht allmalich in ein helles, beinahe 
reines Griin tiber, wihrend das Rohr ry von Aussen 
von einem schwach violetten, eiférmigen Mantel um- 
hilt war. Das Spectrum dieses Mantels, welcher of- 
fenbar dem continuirlichen Theil der Entladung ent- 
spricht, war aus einem schwachen Kohlenoxydspectrum 
und den beiden Wasserstofflinien H, und H, zusam- 


_ mengesetzt, wogegen die im engen Canal stattfindende 


Funkenentladung das eigenthiimliche Linienspectrum 
besonders in der Nahe der Electroden mit grossem 
Glanz zeigte. Im Allgemeinen traten, als der Strom 
geschlossen wurde, zunachst nur die stirkeren Linien 
hervor, und erst nachdem die Entladungen einige Zeit 
angehalten hatten erreichte das Spectrum eine voll- 
standigere Entwickelung. — Auf diesen Umstand im 
Zusammenhange mit der Deutung des Spectrums werde 
ich weiter unten zuriickkommen. 

Im Ganzen habe ich im Spectrum 40 Linien der 
Lage nach bestimmt. Dies ist aber bei weitem nicht 
die ganze, tiberhaupt sichtbare Anzahl, denn als die. 
Lichtentwickelung in der Réhre ihr Maximum er- 
reichte, oder wenn der Apparat so vor dem Spalt auf- 
gestellt wurde, dass das die Electroden zunichst um-’ 







































































— 318 — 


sebende Licht ins Spectroskop gelangte, liessen sich 
bedeutend mehr Linien erkennen, wahrend fir simmt- 


liche Linien die Intensitét zugleich erheblich vermehrt. 
erschien. Es wire demnach ein Leichtes gewesen, die 


Messungen auf mindestens noch ebenso viele Linien 
auszudehnen; da es mir aber zunachst nur darauf an- 
kam, das Spectrum zu identificiren, so habe ich mich 
mit der erwihnten Anzahl begniigt, weil nach meiner 
Meinung dieselbe zu diesem Zwecke jedenfalls aus- 
reicht. Um aber die Identification noch weiter zu er- 
leichtern , habe ich mich ausserdem jedesmal bemiuht, 
die relative Intensitét zu schétzen und dazu die Zah- 
‘len 1...6 benutzt, indem ich mit 1 die schwachsten 
und mit 6 die hellsten Linien bezeichnete. 

Nach einigem Herumsuchen fand ich bald, dass das 
einzige bekannte Spectrum, welches sich dem vorlie- 
-genden befriedigend anschloss, dasjenige des Schwe- 
fels ist. Uber dies Spectrum existiren, soviel ich 


weiss, bis jetzt nur zwei vollstindigere Untersuchun- 
gen, nimlich diejenigen von Pliicker und Salet. Die 


Resultate der ersteren sind von Watts *) auf Wellen- 
‘langen reducirt, welche indessen aus leicht ersicht- 
lichen Griinden nicht auf sehr grosse Genauigkeit An- 
-spruch machen kénnen, da die fiir die Reduction er- 
forderlichen Elemente in geniigender Menge nicht 
vorhanden sind. Ebenso scheinen die Bestimmungen 
Salet’s nicht die wiinschenswerthe Scharfe zu be- 


sitzen. Zum Zwecke der Identification diirften indes- 
sen diese Untersuchungen eine ausreichende Zuver-— 


lassigkeit darbieten. In der folgenden Tafel habe ich 


7) Watts: Index of Spectra. London 1872. 
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demnach den von mir erhaltenen Wellenlangen die 
entsprechenden aus Plicker’s Beobachtungen von 
Watts abgeleiteten Zahlen gegeniibergestellt und da- 
pei zugleich die Pliicker’schen Intensitatsschitzungen 
mit aufgenommen. Die letzte Columne giebt schliess- 
lich die Differenzen zwischen meinen Resultaten und 
denjenigen Plicker’s: | | 


Spectrum des — Spectrum des 
Robrs fr. Schwetels, 


_ ee es 


5659.7 3657 
5639,3 5641 
5603.8 5609 
5561,3 5568 
9516,9 5522 
5507.3. | 5508 
9470.5 D473 
545 1,0 5452 
5438.1 5438 
.§429,7 5425 
5418.4 — 
5386.6 
5341,7 
9319,2 
5217.8 
5214.4 
52001 
51425 
5102.9 
5078,3 
5044.9 


5338 
5804. 
5207 
5199 
5182 
5143 
5096 
5068 
5044 
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Spectrum des Spectrum des 
Rohrs r. Schwefels. 


‘i K: | ug 


9032.5 50271 .,; 10 
5012,7 5009f ) 
4993.9 4990 
4941.5 4949 
4925.0 4924 
4918.5 4922 
4901,9 4902 
4884.5 4884m, 
4815.6 4813 
4808.5. 4804 
4792.8 4791@ 
4778.5 A777 
4762.8 4768 
4752.8 4762 
47149 4718 
455 1,5 4552 
4524.7 4523 
44851 4485 LO, 
4464.0 4466 | 10 


Hep. 


si 


pee (aot tel tb et 


Vergleicht man in dieser Tafel einerseits die Wel- 
lenlaéngen unter einander, und andererseits die resp. In- 
tensitétsschatzungen , so glaube ich, dass jede weitere 
Argumentation fiir die Identitét der beiden Spectra 
als vollstandig tiberfliissig angesehen werden kann. 


8) Plicker hat hier resp. die beiden Linienpaare 5030, 5024 
mit der Intensitét 10 und 5013, 5004 mit der Intensitat 8. In mei- 
nem Spectroskope erschien nur das zweite Paar deutlich getrennt 
aber nicht das erste, weil die Linien verschwommen waren. Ich habe 
deshalb das Mittel der Pliicker’schen Zahlen benutzt. 
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Allerdings treten bei einigen Linien recht erhebliche 
Differenzen hervor; dieselben glaube ich aber aus 
euten Griinden den Plicker’schen Beobachtungen 
hauptsichlich zuschreiben zu kénnen, da Athnliche Ab- 
weichungen auch zwischen Thalén’s und Pliicker’s 
Messungen des Spectrums des Chlor hiufig vorkom- 
men’). Vergleicht man aber schliesslich die beige- 
fiigte, nach den obigen Beobachtungen ausgefiihrte 
Zeichnung des Spectrums mit der bekannten Abbil- 
dung des Schwefelspectrums nach Plicker, so dirfte 
jeder noch vorhandenes Zweifel an der Identitat der 
beiden Spectra vollstandig verschwinden. 

Gehen wir jetzt auf die Wiillner’sche Beschreibung 
seines s. g. Wasserstoffspectrums nochmals zurtck, so 
finden wir gleich, dass die von ihm gemessenen Linien 
gerade den Hauptlinien des obigen Spectrums ent- 
sprechen. Um dies deutlich zu zeigen, habe ich noch- 
mals méglichst scharf die Wiillner’schen Messungen 


auf Wellenlangen reducirt und die erhaltenen Zahlen - 


den entsprechenden in meinen Beobachtungen in der 
folgenden Tafel gegentibergestellt. 


Wiillner’s Spectrum 
H — Spectrum. des Rohrs ¢. 


5640 5639.3 
(5464 5451,0 
5325 5319.2 
5216 5214.4 
5012 901 2,7 
4928 4925.0 


9) Vergl. Thalén: Om Spectra, tillhérande Yttrium, Erbium, 
: 3 
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Man sieht, dass die Willner’schen sechs Linien 
gerade mit den stirksten der von mir gemessenen 
identisch sind, und wenn ausserdem meine Zeichnung 
mit der oben reproducirten, wértlichen Beschreibung 
Wiillner’s zusammengestellt wird, so lasst sich die 
Ubereinstimmung auch auf die Gruppirung der Linien 
ausdehnen. Es unterliegt demnach meiner Meinung 
nach keinem Zweifel, dass das von Wiillner in seiner 
Wasserstoffréhre beobachtete Spectrum mit dem vor- 
liegenden und demzufolge auch mit Tpeemeen des 
Schwefels identisch ist. 

Hr. Willner macht auf einer, anderen Stelle seiner 
Untersuchungen tiber die vorliegende Frage '°) die sehr 
richtige Bemerkung, dass «es. “selbstverstindlich ist, 
«dass man, so lange nicht zwingénde Griinde vorlie- 
«gen, eine Verschiedenheit der bei einem und dem- 
«selben Kérper beobachteten Spectra anzunehmen, 
«sich fiir die Unveranderlichkeit des vpn einem Stoffe 
«gelieferten Spectrums entscheiden wird». — Da ich 
dieser Meinung nur unbeschrankt beitreten kann, so 
kann ich andererseits nach der obigen Untersuchung 
nicht umhin, der Meinung Ausdruck zu geben, dass, 
Wein Wallner seine ‘Beobachtungen des erwihnten, 
eigenthtimlichen Spectrums seiner Wasserstoifréhre 
mit Pliicker’s Schwefelspectrum eingehender ver- 
glichen hatte, als es der Fall zu sein scheint, er trotz 
der geringen Zahl der Messungen doch vielleicht Be- 
denken getragen hatte, dasselbe als ein neues Wasser- 


Didym och Lanthan. Sw. Wet. Akad. Handlingar. Bd. 12 Ne 4. Stock- 
holm 1874. p. 8. 
10) Pogg. Ann. Bd. CXLIV. p. 481. 
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stoffspectrum zu proclamiren. Wenn es sich um eine 
so wichtige Frage wie die Existenz oder Nichtexistenz 
eines neuen Spectrums handelt, so ware es wohl em- 
pfehlenswer th gewesen, die Nessinoen auf nicht nur 
sechs Linien zu beschranken, da eine doppelte oder 
dreifache Anzahl mindestens hatte gemessen werden 
konnen, und dies besonders dann, wenn man fir die 
Identification der Spectra im Allgemeinen so strenge 
Principien aufstellt wie Hr. Willner. 

Da das von mir beobachtete Spectrum unzweifelhaft 
mit dem Wiillner’schen angeblichen Wasserstoff- 
spectrum identisch ist, so wird vielleicht Jemand, der 
die Abstammung beider Spectra vom Schwefel den- 
noch nicht anerkennen will, den Einwand machen 
kénnen, dass in meinen Versuchen Nichts hindere, 
dasselbe ebenfalls dem Wasserstoffe zuzuschreiben, da 
bei denselben die Entladungen in feuchter Luft 
stattfanden. Diesem Hinwand gegeniiber lasst sich 
aber dann die Frage aufwerfen, warum bei meinen Ver- 
suchen das fragliche Spectrum gerade Wasserstoff 
und nicht mit ebenso grossem Rechte Stickstoff oder 
Sauerstoff, welche beiden Gase auch anwesend wa- 
ren, zugeschrieben werden soll. Oder wie kann man 
sicher sein, dass die Willner’sche Réhre bei einem 


solchen minimalen Drucke keine Spuren von diesen 


Gasen, welche den tibriggebliebenen Spuren von Was- 
serstoff an Menge vergleichbar waren, enthielt? Wenn 
es moglich ist fiir Wasserstoff zwei verschiedene Li- 
nienspectra anzunehmen, so sind a priori keine Griinde 
vorhanden, dieselbe Méglichkeit in Betreff der beiden 
anderen Gase zu negiren. — Die Versuche lassen aber 
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eine bei weitem mehr entscheidende Beweisfiihrung 
zu. Ich habe schon bemerkt, dass das mehrerwihnte 
Spectrum nicht sofort nach dem Stromschlusse in vol- 
ler Entwickelung zum Vorschein kam, sondern erst 
nachdem die Entladungen einige Minuten durch die 
Rohre gegangen waren. Ebenso zeigten die Versuche, 
dass die Intensitét der ganzen Erscheinung erst all- 
mahlich sich. bis auf ein gewisses Maximum steigerte 
und dass weiter der Glanz und die Anzahl der Linien 
in der Nahe der Electroden erheblich grésser, als in 
den ibrigen Theilen des Rohrs waren. Dies Alles spricht 
sehr dafiir, dass das genannte griine Licht der Roéhre 
und dessen Spectrum in der allmahlich eintretenden 
Erhitzung und Verdampfung des Glases seinen Grund 
hatte, und dass der Traiger desselben sich aus den 
Bestandtheilen des letzteren entwickelte. Und in der 
That scheinen mir einer solchen Annahme a priori 
keine ernsteren Bedenken entgegenzustehen, da, wie 
bekannt, in der Bereitung mancher Glassorten schwe- 
felsaure Salze eingehen. Allerdings ist es wahr, dass 
die Anwendung dieser Salze, ebenso wie diejenige der 
kohlensauren Salze zunachst nur das Hinfiihren eines 
Alkali in den Glassatz bezwecken, und dass in der fer- 
tigen Schmelze hauptsa&chlich nur das letztere zuriick- 
bleibt; eg ist aber nicht unwahrscheinlich, dass dabei 
auch eine kleine Menge Schwefel tibrig bleiben kann, 
welche geniigend ist, um sich spectroskopisch kund zu 
geben. Um diese Vermuthung niher zu priifen, ersetzte 
ich das zuerst benutzte Rohrchen 7 durch ein anderes, 
aus einer alten Geissler’schen Rohre abgeschnittenes, 
und suchte nun, unter im Ubrigen ganz unveriinderten 


Verhiltnissen, das vorher studirte Spectrum hervor- 
gurufen. Aber durch kein Mittel liess sich dies be- 
werkstelligen; weder durch Vermehrung der Strom- 


starke, noch durch Hinschaltung mehrerer Leydner 


Flaschen neben oder nach einander konnte ich, abge- 
sehen von den Natriumlinien, welche haufig simmt- 
lich erschienen, im Spectroskop etwas anderes erhal- 
ten, als eine Superposition der drei Wasserstofflinien 
auf einem schwachen Kohlenoxydspectrum. Sowie ich 
aber das erste Rohr r einfiihrte, erschien das Spectrum 
wieder. Dasselbe negative Resultat ergab sich auch 
bei Anwendung mehrerer anderer Réhrchen von ver- 
schiedener Weite und Abstammung. In keiner der 
gepriiften Sorten liess sich das Spectrum hervorrufen. 
Dies Alles zeigt aufs deutlichste, dass die Natur des 
benutzten Rohrs und nicht diejenige des eingeschlos- 
senen Gases hier das Maassgebende gewesen sein muss, 
da es sonst unbegreiflich wire, warum das Spectrum 
in dem einen Falle auftritt, im anderen aber nicht. 
Die Wiillner’sche Bemerkung, dass unter den hier 
stattfindenden Versuchsverhiltnissen der Widerstand 


‘in der Roéhre ein sehr grosser ist, habe ich voll- 


stindig bestatigt gefunden. Sobald das Spectrum sei- 
nen héchsten Glanz erreichte, sprangen nimlich zwi- 
schen den Spitzen eines neben dem Rohr in die Lei- 
tung eingeschalteten Funkenmikrometers bisweilen 


blendend helle Funken tiber, obgleich die Schlagweite 


die unter Hinschaltung einer Leydnerflasche sehr er- 
hebliche Grésse von etwa 5°” betrug. Dies ist bei- 
nahe das meiste, was ich der mir disponiblen Induc- 
tionsrolle zumuthen darf, ohne dieselbe zu gefaihrden. 
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Nach vielfacher Uberlegung scheint mir aus allen 
hier erérterten Umstanden die Richtigkeit der Ang- 
strom’schen Deutung des Willner’ schen angeblichen 
Wasserstofispectrums mit vollstindiger Evidenz her- 
vorzugehen. Was das zweite, aus schattirten Streifen 
bestehende Wasserstofispectrum Wiillner’s betrifft, so 
gehort dasselbe nach Angstrom dem Acetylen und 
diese Ansicht hat auch durch die Versuche Salet’s 
volle Bestitigung gefunden. Diesen Punkt betreffend, 
halte ich aber vorliufig mein Urtheil zuriick. Das bei 
hdherem Drucke auftretende continuirliche Spectrum 
kann ich mit Willner schwerlich als ein dem Was- 
stoffe eigenthtimliches Spectrum betrachten, da nach 
Wiillner’s eigenen Untersuchungen auch andere Gase 
unter analogen Verhialtnissen continuirliche Spectra 
liefern. Es bleibt also nur ein einziges, aus den vier 
bekannten Linien H , , A, H,, und H, bestehendes 
Spectrum als fiir den We ssoratet eigenthtinalichi brig, 
dasselbe Spectrum, welches wir in den Protuberanzen 
der Sonne und als Absorptionsspectrum in der Sonne 
und den meisten Fixsternen beobachten kénnen. 


Erlauterung der Tafel. 


Das erste Spectrum stellt das im Rohre r beobach- 
tete Spectrum vor. Dasselbe enthalt, ausser den direct 
aes Linien, noch einige schwache, welche durch 


i i ean 


Schitzung eingetragen wurden. Das zweite Spectrum 
enthilt die Hauptlinien des Sonnenspectrums und das 
dritte die von Willner gemessenen Linien seiner 
Wasserstofiréhre. 


(Tiré du Bulletin, T. XXVIL, pag. 97-110.) 


Amprimé par ordre de l’Académie Impériale des Sciences. 
Février 1881. C. Vessélofsky, Secrétaire perpétuel. 


Imprimerie de l’Académie Impériale des Sciences. 
(Vass.-Ostr., 9° ligne, Ne 12.) 
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Ofversigt af Kongl. Vetenskaps-Akademiens Forhandlingar 1892. N:o 9. 
— Stockholm. 


Projet dune méthode pour determiner avec grande 


exactitude lindice de réfraction et la dispersion 
de lair. 
Par B. HASSELBERG. 


[Communiqué le 9 novembre 1892.] 


Dans l'étude des réfractions astronomiques de méme que 
dans plusieurs recherches d’optique la connaissance de indice 
de réfraction de l’air pour les différentes raies du spectre est 
comme on le sait d’une haute importance. Aussi les efforts faits 
depuis le commencement du siecle actuel pour en determiner les 
valeurs ont été assez nombreux. En considérant les differentes 
méthodes employées dans ce but on peut les diviser en deux 
cathégories bien distinctes, dont lune, imaginee par BORDA et 
employée pour la premiere fois par ARAGO et BioT 1) et plu 


tard par DULONG,”) se fonde sur la mesure directe de la devia- 


' tion d’un rayon lumineux passant par un prisme vide d’air, 
‘pendant que lautre, imaginée par ARAGO 3) et employee par 


Jamin’) et KETTELER,®*) est fondée sur l’interférence de deux 
faisceaux de lumiere, dans l’une desquelles on peut introduire 
une différence de marche convenable. — Toutes ces recherches 


% Vexception de celle de KETTELER ne donnent que indice de 


1) Mémoires de I’{nstitut. T. VIII, p. 301, 1806. : 
2) Annales de Chimie et de Physique. 2 Sér., T. XXXI, p. 154. 
3) Ann. de Chimie et de Phys. 2 Sér., T. I, p. 1. 
4) Ann. de Chimie et de Phys. 3 Sér., T. XLIX, p. 282. 
») Annales de Poggendorff. T. OXXIY, p. 390. 
Ofvers. af K. Vet.-Akad. Forh. 1892. Arg. AQ. N09. 
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refraction moyen de l’air, mais comme |’a fait voir récemment 
M. MascartT?) avec une precision, qui est loin d’étre satisfaj- 
sante. L’indice de refraction obtenu par M. KETTELER pour la, 


raie I) ayant ete determiné par deux mesures seulement ne 


parait non plus meriter une confiance plus grande que celle 


quon peut accorder aux valeurs D’ARAGO et de JAMIN avec 
lesquelles il est du reste presque identique. Les indices des 
autres rales capitales du spectre solaire ayant été deduits du 
premier par une formule d'interpolation seulement sont par con- 
séquent sujets a la méme incertitude en ce qui concerne leurs 
valeurs absolues; — quant a leurs valeurs relatives la précision 
est certainement plus grande, sans toutefois étre de l’ordre elevé 
que semble indiquer le grand nombre de figures décimales em- 
ploye. 

Dans cet etat des choses la question a recemment été re- 
prise par M. Mascarr?) d’une maniere beaucoup plus appro- 
fondie et rigoureuse. Sa methode est encore celle des inter- 
ferences de la lumiere, mais c’est une classe tout spéciale d’inter- 


ferences quil met a profit pour Je but cherché a savoir les 


franges de Talbot. Une théorie complete de ces phenomenes _ 


singuliers a ete donne il y a longtemps par AIRY?) mais cette 
théorie étant d’une complexité extraordinaire M. MASCART en 
substitue une autre beaucoup plus simplifiee. Apres avoir de 
plus étudie soigneusement toutes les circonstances, qui peuvent 
en quelque maniere influer sur l’exactitude des résultats a obtenir 
M. MascartT arrive finalement a la valeur suivante de l’indice de 
réfraction de l’air a la température de zéro et a la pression de 


m . ° 
0.76 pour la raie D du spectre solaire: 


n = 1.0002927. 


-. 4sultat final est: 


per 


. 
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diquent les recherches de BIOT et ARAGO, dont: le 


Fy n= 1.0002945. 


Par ces recherches de M. MASCART on pourrait sans doute - 


siderer la question de la refraction et méme de la dispersion 
on 


4 vair comme definitivement resolue. Pour la plupart des 


“applications de 
tc. cela peut étre; — néanmoins une confirmation independante 
e 


par un 
-parait dépourvue dun certain interét. C’est pourquoi je me 


ces constants en astronomie, en spectroscopie 
e méthode différente et capable d’une grande précision ne 


met de proposer la maniére suivante a operer. — 

Tout le monde connait Ja précision vraiment extraordinaire “e 
® on peut obtenir dans la détermination de la position relative 
de deux raies spectrales sur un bon cliché photographique ob- 
tenu 4 l’aide des grands réseaux de diffraction de M. ROWLAND. 
Cette circonstance me fait croire, qu’en combinant le prisme de 
“Borda avec un grand spectrographe a réseau de diffraction on 
“parviendra a& mesurer les déviations et par consequent les indices 


de air avec une precision tres grande et notablement superieure 


‘4 celle obtenue jusqu’ici. Supposons done qu’on dispose d’un 


‘tel spectrographe dont le réseau plan soit comme d’ordinaire 


“divisé sur une surface de 50x 80™™ avec 14,400 lignes par 
“ pouce anglais et dont le Collimateur soit un réfracteur de 7—8™ 
‘douverture sur une distance focale de 1.5 métres. L’objectif 


“de la chambre obscure doit avoir la méme ouverture et une 


‘distance focale de 2 metres. Les deux tubes seront fixées in- 


“yariablement l’une par rapport a l'autre sous un angle d’environ 
40° entre les axes optiques. Le réseau est placé sur le cercle 


“horizontal d’un théodolithe de telle maniére, que son ligne moy- 


MAES SINS 


'enne coincide en méme temps avec |l’axe vertical du cercle et 


SOM a Oe 


VEE: 


5) ° 2 = Lu 2 1 A. : 4 ‘ $e 7 e ° 
Biexactiude, de cette, valeur est sestiinee: par M. MascAni avec le point d’intersection des axes optiques du collimateur et 


a, 
— 


Dade 


Ee 


° Ope e\ > [Reo a q 
environ 6 unites de la derniere figure decimale. On remarquera ‘de la chambre noire. Dans cet état des choses tous les spectres 


ft 


“peuvent étre introduits dans le champs de vision en tournant 


ae ene 


de plus, que la refraction de l’air est sensiblement plus faible 


ey 


!) Annales de l’école normale. 2 Sér., T. VI, p. 9—78, 1877. 
2) aac’ 
3) Philos. Trans. 1840 part II, et 1841 part I. 


‘le réseau et si la normale de ce dernier coincide avec l’un ov 
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sous l’oculaire. Finalement la fente est pourvue de deux petites 
coulisses a l’aide desquelles on peut a volonté ouvrir sa moitié 
supérieure on inférieure et obtenir ainsi sur la plaque photo- 
graphique deux images spectrales juxtaposées. 

Cela posé, et la fente étant installée de sorte que les rayons 
lumineux emanants du collimateur soient bien paralléles entre 


eux, on place devant l’objectif de la chambre obscure entre lui 


et le reseau un prisme de Borda rempli d’air de la méme tem- 


perature et pression que l’air ambiante. En admettant que les 
lames de verre de ce prisme soient rigoureusement planes et de 
la méme epaisseur sur toute leur étendue, l’interposition du 
prisme n’aura aucune influence ni sur la netteté ni sur la posi- 
tion de la raie spectrale considerée. Si maintenant on fait le 
vide dans le prisme la raie spectrale tout en conservant ‘sa 
netteté primitive sera deplacee vers l’une ou l’autre cdté suivant 
la position du prisme d’une quantité proportionelle a la réfrac- 
tion de l’air pour Ja longueur d’onde en question. En tournant 
maintenant le prisme de 180° le méme deplacement aura lieu 
mais en sens oppose. la difference entre les deux positions de 
la raie dans ces deux positions du prisme correspondra done au 
double de la deviation des rayons par le passage a travers du 
prisme evacue. Dans la supposition que l’angle du prisme soit 
de 120° et a l’aide de l’indice moyen de l’air n—1.000293 la 


formule bien connue 


1) n—1= Cotng 4 Zin de 


donne pour 4 la valeur 


h= 200% 


Donec la distance angulaire entre les deux positions de la raie 


nommees plus haut sera: 
24 = 412". 


A cette distance angulaire correspond dans le plan focal de la 


chambre noire du spectrographe une distance linéaire 


J = 4mm 
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peu pres. Telle sera donc la difference de position des deux 


jmages de la raie, qu’on obtient, si dans l'une et |’autre position 


du prisme evacué on expose une plaque photographique au spectre 


formé par une et lautre moitie de la fente du collimateur. 
Les mesures nombreuses, que j'ai eu l'occasion de faire sur 
des clichés spectroscopiques de la méme nature que ceux en 
question ici, ont montré, que la distance de deux raies spectrales 
peut étre évaluée sur un bon cliché a Vaide de la machine a 


° I 
diviser avec une erreur probable qui ne depasse en général 


, 


£ 0.868 


Ainsi la distance des deux images photographiques de la raie 
ee e A ° , 

déviée dans les deux positions du prisme peut étre déterminee 
x e \ . \ ’ i \ 

avec la méme exactitude, c'est a dire a '/,o99 de sa valeur pres. 

Ponce l’erreur probable de la déviation double 2/ en tant quelle 


ne dépend que des mesures de la plaque sera seulement environ 
1/ 4 He islg t 
Ee RR OC AULD ree Gi Oa 
et par conséquent l’erreur probable de la deviation simple 


CA +0; 1. 


En différentiant maintenant Vequation (1) on trouve: 


| 1 A eee 
dn = g Cotng 5" dA - Sin I 
dou vient 

dn = + 0.000 000 14. 


Ainsi lerreur probable de Vindice de refraction de lair 
pour la raie observee ne depasse en géneral deux unités dans 
la septiéme figure décimale, c’est-a-dire elle sera trois fois plus 
faible que l’erreur probable que M. MascarrT croit devoir attri- 
buer a ses valeurs définitives. — 

J’ai supposé ci-dessus que la fente soit placee exactement 
dans le foyer principal du collimateur pour les rayons spécials 
qui forment la raie photographiée. Cela serait nécessaire si l’on 


° ° . ° er \ e v 
photographiait une fois la raie non deviée, c’est-a-dire formee 
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par les rayons transmis par le prisme plein d’air et l’autre fois 
la raie deviee par le prisme vide. En effet dans ces deux cas 
la position du plan focal de la chambre noire ne serait la méme 
qu’a la condition que les rayons lumineux émanant du réseau 
soient parallels entre eux. Mais cette identité de la position du 
plan focal pour les deux raies, déviée et non-déviée, est évidem- 
ment tout a fait nécessaire pour avoir des images de la méme 
nettete dans les deux épreuves prises avec les deux moitiés de la 
fente. Par conséquent, si l’on voulait mesurer la déviation simple 
on serait obligé a placer la fente chaque fois de sorte que les 
rayons correspondants a la raie étudiée du spectre quittaient 
l’objectif du collimateur sensiblement parallels entre eux. Dans 
la méthode décrite ci-dessus au contraire, ou l’on mesure la 
deviation double et dans laquelle le prisme evacué se trouve 
installé pendant toutes les deux expositions de la plaque photo- 
graphique, cette condition n’est plus nécessaire, puisque dans ce 
cas la netteté des images de la raie photographiée est liée seule- 
ment a la condition, que la plaque se trouve exactement dans 
le plan focal conjugué de la fente du collimateur. — 
De equation 


6= fF tng 24 =2F 4. tng 1” 


on deduit: 


La condition 


entraine donc la suivante 


GE" Wf su pl 

E2000 
c’est-a-dire, pour arriver & la précision voulue dans l’évaluation 
de [indice de réfraction la distance focale de l’objectif de la 
chambre noire doit étre connue a 1/,,,. de sa valeur ou bien 


dans le cas actuel 4 1™™ prés. Mais en employant la méthode 
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de BESSEL pour la détermination des distances focales avec les 


modifications, dont j'ai donné autrefois la description 4) il est 


° \ ° > e \ J cre 
extrémement facile a satisfaire a cette condition. — 


Outre des quantités considerees jusqu’ici les valeurs absolues 

des indices cherchés dépendent encore de la temperature et de 

F ° . ‘ foe : 

Ja pression de l’air qui entoure le prisme. En designant par 
Snel 9° ° Pe ? oR 

; et H ces quantités, par n et n, lindice trouve directement et 


yeduit a zéro et 0.76 on a: 


760 
m —l=(n—1)Q +at)- >. 


Ponc la correction, quil faut appliquer a n—J1 pour avoir sa 


valeur a zero et 0.7, sera: 


jeaiald se oer dp 


x ° ° t ° ° 9 
Si erreur commise dans la détermination de ¢ etait de 1°, l’er- 
yeur corréspondante de C serait 

dC =0.0000011 
: e ° . \ ok Ose0 

environ, ce qui fait voir, que pour correspondre a la precision 
désirée des déterminations de |’indice la temperature doit étre 
évaluée en valeur absolue a 0.°2 pres. Mais c’est une condition 
a laquelle il ne sera pas difficile a satisfaire, vi que pendant 
les deux expositions de la plaque, qui en utilisant le spectre 
solaire n’exigent en somme plus que une minute de temps, les 


e A ° ! af 
variations de Ja temperature de l’air peuvent étre considerees 


comme infiniment petites. 


Quant a linfluence qu’une détermination erronnee de la 
° ° ° e t 
pression de l‘air peut avoir sur les valeurs des indices de re- 
° ° I 
fraction, on trouve sans peine que cet influence depasse les 
° ‘ \ 
limites préscrites seulement dans le cas ou l’erreur en A est 
e ? ° 
plus grand que 0.5", erreur qu’on peut facilement eviter. — 
= \ . y ° 2 
Finalement il reste encore une source d’erreur a considerer, 


e ® \ 
qui au premier coup d’ceil semble la plus sérieuse de toutes, a 


1) Bulletin de J’Académie des sciences de St. Pétersbourg. T. XXXII, p. 
412. 
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savoir la forme prismatique des lames de verre formant le prisme 
dans la direction du plan de dispersion. — En admettant l’ex- 


istence d’un tel défaut on voit facilement, que la déviation 7 


trouvee de la maniére décrite ci-dessus est la somme algebrique 
des deviations causées par la réfraction de l’air et par celle des 
lames. Pour avoir le sens de cette derniore déviation ainsi pour 
en determiner la valeur numérique on pourrait opérer de la 
méme maniére que plus haut, mais en laissant le prisme rempli 
d’air de la méme température et pression que l’air ambiante; 
car alors les déplacements de la raie spectrale ne dépendraient 
que de la réfraction dans les lames seules. Mais au lieu de 
cela il vaudrait evidémment mieux, si par un arrangement con- 
venable des expériences on pourrait éliminer cette erreur sans 
la déterminer. Cela doit étre possible si aprés avoir terminé 
une série de mesures on dte les lames du prisme et les colle de 
nouveau mais de sorte, que le cété qui était tourné auparavant 
vers la base du prisme soit placé vers le sommet et vice versa. 
Alors le sens de la réfraction par les lames est renversé et si 
les déviations obtenues dans la premiere série étaient trop grandes 
Pp. € une seconde série de mesures donnerait des valeurs trop 
faibles de la méme quantité de sorte, que le moyen des deux 
series serait affranchi de l’erreur provenante de la forme prisma- 
tique des lames. 

Les considérations exposées ci-dessus suffiront je crois pour 
faire ressortir la précision notable, dont la méthode qui nous 
occupe ici est susceptible. A cet égard deux circonstances mé- 
ritent une attention spéciale comme propres a écarter les per- 
turbations dues aux variations de la temperature, dont on ne 
saurait jamais étre sir d’avoir évité l’influence nuisible dans la 
forme primitive de la méthode. En effet, le prisme une fois 
evacué, tout jeu ultérieur de la machine pneumatique est inutile 
et par consequent toutes les variations de température dans le 
prisme dues a la raréfaction et a la compression de l’air seront 
éliminées. En second lieu le temps d’environ une minute néces- 


saire a l’exposition de la plaque photographique dans les deux 








qambiante P 
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OF 3 : z 
7 rature de lair 
ons du prisme est si court, que la tempe 


:" ideré constant 
: eut étre considerée comme sensiblement 


e ! \ Sil e e 
dant cet intervalle. Ces avantages combines a la precision 
an 
pen 


des Mm ; dane 
jeurs des indices de refraction l’exactitude desiree. 
yale 3 


esures spectrographiques doivent suffire pour assurer aux. 
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11. Ueber das Linienspectrum des Sauerstoffs; 
von B. Hasselberg. 


Unter dem obigen Titel hat in diesen Annalen neulich | 
Hr. Kisig die Resultate seiner diesbeziiglichen Untersuchungen ~ q 
verdffentlicht. Der Zweck derselben war es, auf photographi- 9 


schem Weg und von den bisherigen Resultaten unabhangig, 


simmtliche dem reinen Sauerstoff angehérige Linien festzulegen © 
und mit méglichst grosser Genauigkeit ihre Wellenlangen zu ~ 

bestimmen. Um dies Ziel zu erreichen, wurde das Spectrum . | 
des in Geissler’schen Réhren eingeschlossenen verdtinnten 9 
Gases mit Hilfe des grossen Rowland’schen Concavgitters J 
der Hrn. Kayser und Runge auf 50 cm langen Platten photo- 9 
eraphirt und durch Messungen mit einer Theilmaschine auf 9 
das ebenfalls auf denselben Platten aufgenommene Eisen- 9 
spectrum bezogen. Die erhaltenen Wellenlingen sind dem- — 

nach auf das Rowland’sche System, welches bekanntlich den J derjenigen wenigstens gleichkommt, welche den Resultaten der 
Kayser-Runge’schen Bestimmungen der Hisenlinien zu Grunde JF 
liegt, zuriickgefiihrt. In Anbetracht der grossen Scharfe, welche — 


die spectralphotographische Methode tiberhaupt und besonders 
_ mit Hilfe der Rowland’schen Gitter zu erreichen gestattet, 


hatte man nun wohl erwarten kénnen, die Wellenlangen der — 


Gaslinien mit einer Genauigkeit zu erhalten, welche derjenigen 
wenigstens nahe kame, die derselbe Apparat bei Untersuchung 


der Metallspectra thatsaichlich gewéhrt. Dem scheint indessen 


nicht so zu sein; denn der Verf. gibt selbst an, dass, obwohl 
die Wellenlangen bis auf Hundertel der A.-E. gemessen wur- 
den, zwischen den Resultaten der einzelnen Platten Ab- 


weichungen von nicht weniger als 0,3 A.-E. vorkommen. Der J 


Grund hierzu kann, wie der Verf. hervorhebt, nur in Ver- 
riickungen oder Temperaturainderungen des Apparates wihrend 
der langen Exposition von 2 bis 4 Stunden gesucht werden, 
und wenn daher schliesslich die definitiven Mittel auf die 


Zehntel der A.-K. begrenzt und ihre mégliche Unsicherheit auf Ma 1. Nr 8. Beibl. d. Ann. d. Physik 17. p. 563. 1893. 


4 0,1 
 gieh 


;. nenn ensw 
Spe 


| Zwa 
q ster, Deslandres, Hartley und Adeney gegeniiber, 


an Bezug aut Vollstindigkeit und vielleicht auch Genauigkeit, 


. yon der Grésse 7,5 x 3,5 cm _ photographirt. 
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0.2 her: veranschlagt sind, so kann man in dieser Be- 
Tie 


ung dem Verf. nur beistimmen. : 
“Unter solchen Verhialtnissen lasst sich aber die Frage 


wohl aufwerfen, ob durch diese Untersuchung irgend welche 


erthe Erweiterung unserer bisherigen Kenntnisse dieses 
ctrums wirklich erreicht worden ist. Ich glaube nicht. 
, wird man den Bestimmungen des Verf., denjenigen von 


wohl einen gewissen Vorzug einraumen miissen, kaum aber in 
Verhiltniss zu denjenigen von Trowbridge und Hutchins, 
welche mit thnlichen Mitteln, aber nach einer besseren und 
egen derartige systematische Fehler mehr gesicherten Methode, 
ausgefihrt sind. Die letzteren diirften, obgleich in einzelnen 
Punkten nicht einwurfsfrei, jedoch als in der Hauptsache recht 
pefriedigend angesehen werden kénnnen. 

Ausser der bereits erwaihnten liegt aber noch eine dem 
Verf. unbekannt gebliebene Untersuchungsreihe iiber denselben 
Gegenstand vor’), welche im hiesigen physikalischen Institute 
im Jahre 1891 ausgefiithrt worden ist, und bei welcher mit 
weit einfacheren Mitteln eine Genauigkeit erzielt wurde, die 


yorliegenden Arbeit beigemessen werden kann. Diese Unter- 
suchung, welche in erster Linie den Zweck hatte, im Spectrum 


der Luft die Linien des Stickstoffs von denjenigen des Sauer- 


stoffs modglichst scharf- zu trennen, wurde mit Hilfe eines 
Spectrographen ausgefiihrt, der aus nur zwei grossen Stein- 


~ heil’schen Flintglasprismen und ein paar Fernréhren aufgebaut 


war, von denen das als Camerarohr benutzte, eine Brennweite 
von etwa 4 Fuss hatte. Mit Hiilfe dieser Apparate wurde 
das Spectrum zusammen mit demjenigen der Sonne auf Platten 
Durch Ver- 
eleichung mit Rowland’s Atlas wurden die Wellenlangen ohne 
mikrometrische Messung ermittelt. Stellt man nun die von 


Neovius gewonnenen Resultate mit denjenigen des Verf. zu- 


Sammen, so gelangt man zu der folgenden Uebersicht: 


- 1) Neovius, Bihang til K. Svenska Vet. Akad. Handlingar. Bd. 17. 




































(60 B. Hasselberg. Linienspectrum des Sauerstofts. (61 



















[7 re ee ee q chwache Linien, welche dieselbe ausser den obigen enthilt, 




































































































Hisig ue Neovius Hisig Neovius Hisig ai Neovius. om Sauers toff unzweifelhaft gehoren. 3 
A | J A J A | J h xf A | J A | cq _ Nach dem Obigen scheint es mir daher, dass durch die 
3712,8| 4 3712,9 8 4111,2 6 4111,0 3 4369,7 | 6 |4869,7| 4,5 — Arbeit des Verf. zu dem bereits Bekannten nichts wesentliches 
Ob ileaSe | BEA |.2 12,4) 5 | 12,2; 8 96,4) 5 | 96,3 | 4,3. jpinzueetiigt worden ist, es sei denn die Erfahrung, dass fiir 
re : ein i foe : is : ae 5 fo Bie Untersuchung lichtarmer Spectra, wie diejenigen der Gase, 
57,3| 6 | 57,1/5 20,5| 4 | 20,4/3 43,6| 6 | 48,0| 4,3 die grossen Gitterapparate einfacheren Mitteln gegeniiber keine 
60,0; 6 | 59,9|4 DAE 76y t . BilvG: 48 48,7| 6 | 48,2|4,3 poe ‘3 - 
38512| 6 | 513/3 || 332| 5 | 330/2 | 52’8| 5 | 524\4’3 immepennenswerthe Vortheile zu gewabren vermogen. | 
51,4) 6. | 57,5) 4 42,4| 6 | 42,3) 3,4 || 65,8) 6 | 65,3 | 3,4 : Stockholm, Akademie der Wissenschaften, April 1894. 
64,8) 5) |* 64,9 3,2 4) 44.04. 6.) 48,613.41 66.%/.6 [oc be : 
82,.5/ 3 | 82,7/28] 4638] 5 | 461/83 68,4; 6 | 67,8) 4 
$907,667 | (07,7 (4:3) 53,7 | 3 158.64 69,9) 6 | 69,4} 4,3 
12,3) 3: |12,3.)2,1 | 56,8) 6 |. 56,713. (4591,4'| 8 |. 91,0] 2 
19,6; 4 | 19,5/3,2] 69,5) 6 | 69,5/3,2 || 96,5] 4 |. 968/34 
45,3| 4 | 45,3|38,2 || 85,8) 4 | 85,5/1 (4639,2| 4 | 38,9!/34 
BAS ih FAT 290.0) 4° 190,01 1 42,1] 2 | 41,9] 3,2 
CSs4a Uli 013,53) be 430754.) B12 NT 1 ik 49.01) a 949,210. 
83,0; 4 | 88,0] 3,2 | 19,9/ 8 | 196/21] 5121/4 | 51,0|/4,9m 
40701) 1. ],..70,1-).2 26,2| 6 | 25,8/3,4 ]) 62,0) 4 | 61,6|3,2 
G2) lead eee An 2 27,8] 6 < 2 27;51-4,8 | 14,2.) 6 | 98,5 | 5 
[G2 bel (6.9714 29,0| 6 | 28,4] 4 76,6| 5° | 76,6/8 
79,1) 5 | %9,0/ 834 | 32.2) 6° | 82.075 96,8] 6 | 96,0] 4,5 
85,5| 4 | 85,213 87,8; 4 | 87,0) 4,3 | 99,6] 4 | 99,4/8 
93,2| 5 | 93,0/3 45,9] 2 | 45,4/ 3,2 |4701,5| 6 so 
96,9| 6 | 96,9) 4 47,8) 3 | 47,5145 | 03,4] 6 ee 
97,8| 4 | — {|— || 49,8] 1 | 49,3;2 05,7/ 4 | 05,613 
4103,4| 6 | 03,1./:4,8. |). 51,7). 2 |" 5154.18 10,4 Wabeol kO1ele3 
05,3| 4 | 05,1/ 1,2] 67,3| 3 | 67,0] 2,8 











Die hier aufgefiihrten Wellenlangen sind Mittel zweier 
Bestimmungsreihen, welche unter Anwendung von resp. Kupfer- 
und Aluminiumelectroden ausgefiihrt wurden. Im allgemeinen — 
kann der wahrscheinliche Fehler bei Neovius auf etwa 
+ 0,1 A.-E. veranschlagt und die erzielte Genauigkeit in bei- 
den Fallen demnach als gleich angesehen werden. 

Vergleicht man nun die beiden Reihen mit einander, so 
findet man, dass die Werthe von Hisig fast durchgingig etwas 
grésser, als diejenigen von Neovius, im Mittel um etwa _ 
0,2) 042 Bi:. ausgefallen sind, wobei indessen die Differenzen 
mit der Wellenlange zunehmen. Sieht man von diesen, unter 
den vorliegenden Umstiinden als verhaltnissmissig geringfiigig 
zu erachtenden systematischen Unterschieden ab, so kann. die 
Uebereinstimmung wohl als befriedigend, und beide Reihen als 
gleichwerthig angesehen werden. Die Neovius’sche Reihe ist 
jedoch in Wirklichkeit etwas vollstiindiger, falls mehrere 
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).. Aufgabe fiir jedes chemische Klement das definitive 
yicsionsspectrum festzulegen ist, seltdem dureh die classi- 
nen Arbeiten Row.anp’s die dazu ndthigen Grundlagen ge- 
Peynen sind, neuerdings ihrer Loésung merklich naher geriickt. 
vie man aber dabei nicht nur die Hauptlinien des Spectrums 
Rdern auch die Strahlungen geringerer Intensitaét zu be- 
ick sichtigen sucht, complicirt sich die Frage dermassen, 
ses firs Erste wenigstens eine erschépfende Lésung der- 
j en beinahe aussichtslos erscheint. Muss man sich daher 
mf diesem Gebiete der Spectroskopie ohne Zweitel noch im- 
ser mit Anniherungen begniigen, so wird es auch nicht allzu 
fel pefremden, wenn. im einzelnen Falle, trotz aller Be- 
Qnibung die zunichst liegenden Verunreinigungen zu beseiti- 
“en, man jedoch schliesslich auf andere stésst, deren An- 
esenheit man anfanglich kaum Veranlassung hatte zu ver- 
Mithen. Uber einen derartigen Fall soll durch diese Zeilen 
me vorliufige Mittheilung gemacht werden. 

> Zur Herstellung des Spectrums des Titans im electrischen 
lammenbogen habe ich, da das kaufliche Metall in Pulver- 
Porm beim LEinfiithren in den Bogen viel zu rasch -verbrennt 
md nach allen Seiten hin verschleudert wird, mit wesentlich 
esserem Erfole Titansiure in Form von Rutil benutzt. Dies 
antil, welches mir von Herrn Baron Norpensxréip freund- 
Ichst zur Verfiigung gestellt wurde, stammt aus Kragerée 
1 Norwegen. Ahnlich wie bei anderen Rutilarten ist der 
dauptbestandstheil desselben Titanséure, indem nach den 
Orliegenden Analysen mehrerer Varietiten dieses Minerals ' 
juisser dieser Verbindung darin nur noch 1—2 % Hisenoxyd 
forausgesetzt werden konnte. Nach Eliminirung der infolge 
assen auf den Spectralaufnahmen vorkommenden Kisenlinien, 


) °) Vergl. Dana: Descriptive Mineralogy. Fift. Ed. Newyork 1888, p. 160. 
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sowie anderer Metall-linien, deren Vorhandenseyn die eral 
gleichung theils mit meinen elgenen HEpenchuneey 
Metallspectra theils mit denjenigen von Kayser ee Runeys 
angezeigt wurde, glaubte ich ie berechtigt die tibrig” 
gebliebenen Linien dem reinen Titan zuzuschreiben, 
wenigstens die Falle als vereinzelt stehend bezeichiee vA 
kénnen, in denen Verunreinigungen durch fremde Metalle 
noch nachzuweisen seyn wiirden. Die Fortsetzung Me€inep 


Spectraluntersuchungen haben indessen gezeigt, dass dies nicht 
vollig zutrifft, indem unter den schwicheren und schwachstey 
tes meines Titanspectrums mehrere vorkommen, welche 
Nachdem ich némlich | 


ganz zweifellos dem Vanad gehéren. 


dep, . 


odlep! q 


pyanG (iLL K. SV. VEI.-AKAD. HANDL. BAND 22, 


» Vanad. 


\ 








Rutil 


I 








Rutil, I. 


AFD... NO 7. 


Bemerkun gen. 


SS Se SS 


Wahrscheinlich getrennt Agi >> Aya, 
Vielleicht Ar; > Ayy. 


Deutlich getrennt Agi >> Aya. 


| 00.74. | Alle diese Linien sind auf dem Spec- | 
von diesem Metall, durch Horna Baron NoORDENSKIOLD ein mag. | 


sives von Morssan in Paris im electrischen Schmelzofen her. 
gestelltes Sttick erhalten, habe ich neulich das Spectrum deg. 
selben durchzumustern angefangen und dabei im blauen und 





Tisha see tralbilde des Rutils mit den beobach- | 





teten Intensititen vorhanden. Die | 
- fehlenden W ellenliingen in der Co- ! 
lumne 3 und 5 hezeichnen, dass diese 
Linien in meinem Catalog der Titan- | 


| 19.15 
| 84.85 | 


90.1.1. 
84.85 | 











violetten Theil einige intensive Liniengruppen gefunden, de. 
angenaiherte Wellenlingen sehr nahe mit denjenigen ; 
elniger vorher bestimmten schwachen Titanlinien tiberein. 


ren 


stimmen. Um hieriiber eine endgiiltige Entscheidung g treffen 
zu konnen wurden die fraglichen Spectraltheile des Vanads_ 


a) T a) a) - 
und des Rutils in gewéhnlicher Weise tiber einander’ photo. 


Das Resultat 


ro'lichen. 
eraphirt und lau Linie fiir Linie verglich 


dieser Untersuchung der See GEA Coincidenzen ist alls | 


der beigefiigten Tafel ersichtlich. 


| 33.00 | 


| 90.15 | 


| 


| 
“4183. AD 


¥ 
b 
+ 
iy 
" 

e 





79. 40 
53.01 | 


| 
| 
| 
Bir | 
| 
Fipser es 
i 
i | 
27.80 | 
$3.45 
69.46 | 


| 79.40. | 
53. QO1 | 


a 
| 
| 


| 
| 
| 
| 
| 
| 
| 








‘| 
j. 


linien nicht vorkommen,. Auf den 
hier untersuchten Platten sind sie 
mit den gegebenen Intensitiiten vor- 
handen. 


Weit 
Wahrscheinlich getrennt 47; > ee 


getrennt. 


Deutlich getrennt Ay; Dd Tax 
Getrenut Agi< Aya. 
Gehort Va 





In ey Tafel sind in den beiden ersten Columnen diel Fa | 
angeniherte Wellenlange und Intensitét der im cca Bo 50, 
2:445—403 liegenden Vanadlinien aufgefiihrt, fiir welche “ eo. 
der Vergleichsaufnahme im Spectrum deg norwegischen : Lutils i. 
entsprechende feine Linien vorhanden sind. Diese Linien— | ... 
mit ihrer Intensitét sind in den beiden folgenden Colman icc: 
mit den vorher bestimmten, meinem Tera ede ent 7. 
menen Wellenlaingen verzeichnet. Wie man sieht, sind “et .;., 
Coincidenzen fast alle genau, weshalb auch die bea en ie . 
schwachen Titanlinien als dem Vanad gehoérend aus dem ‘ a 05.30} 3 
Spectrum des Titans zu entfernen seyn werden. ‘4 1a | 00.00 

Ich muss gestehen, dass dies Resultat mich in hohem ‘ Tae 
ttberrascht re Einen Verdacht in dieser Pichtune a “a 7... eee 
im voraus zu schépfen lag, wie man zugeben diirfte, so de wl ite 
wie aus dem Bereich der Moéglichkeit, weil in cone. : Bs 4: les: 
vielen bisher bekannt gewordenen Rutilarten das Vanad J } | 


| 
| 
| 
| 





59.79 | 
34.60 
31.38 | 
28.20 | | 
23.68 | 2.3 | | ! 
16.64 | 
11.91, 
09.92 | I? 
05.31. 1.2 | } 
3.4 4099.94. 1:9 | 
me 


| 69.465 | 
| 





Coine. 
Getrennt A7i< Ayg. 
Coine. Gehért Va 


Getrennt Aq; > Ayy. 


| Coince. Gehéren Va. Die Rutillinien 
sind durehgingig auf der V ergleichs- 
platte schiwcher als hier angegeben. 
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Auch bei 77 eine schwache Linie. | 
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mals angetroffen worden ist. Unter solchen Umstanden schien | 
es mir indessen erwiinscht noch eine zweite Rutilvarietét de, 7 


selben Pritfung zu unterziehen. Zu dem Zweck wurde schye/ 


discher Rutil aus Karingbricka in Westmanland gewahlt, und 
ter Anderem auch aus dem Grund weil dabei gleichzeitig die 9 
Angabe Exxrpure’s,! nach welcher gerade diese Art chrom 
haltig seyn soll, niher gepriift werden konnte. Nachdem sol 
mit von dem Spectralgebiet 4 445—425 eine Doppelaufnahme! 
dieses Minerals und des Vanads erhalten war, less sich, wig” 
es aus der ftinften und sechsten Columne der obigen Tafel 


{ 


hervorgeht, auch hier dieselbe Reihe von Coincidenzen wig" 


beim norwegischen Rutil und. damit auch die Thatsache nach 


weisen, dass im schwedischen Rutil Vanad ebenfalls yop.” 
handen ist. 1 
Vergleicht man nun weiter die bei diesen Durchmustey. 


ungen der Aufnahmen beobachteten Intensitaten der in dey | 


: we © bd vr e Ae 
¢ alt an diesem Metall in der schwedischen Varietit merk- 


Di nalyse 


Z 


WANG TILL K. 


- denjenigen des schwedischen an Intensitét merklich 
sjehsteben, sogar derart dass einige der schwéachsten der- 
ipen vollig fehlen. ; 

4 Nach dem Obigen glaube ich es demnach als erwiesen 
petrachten zu konnen, dass beide Rutilarten, sowohl die nor- 
eaeische wie die schwedische, Vanad enthalten, dass aber der 


ar tiberwiest. Inwiefern aber dieser Vanadgehalt quantitativ 
{} Ke: «2 e : e 

| n gentigen wiirde um durch gewéhnliche chemische 
nachgewiesen oder bestimmt zu werden, ist eine 


= e e p g ae ba e 5 
Frage, 2U deren Beantwortung die obigen Versuche keine, oder 


wenomme 


‘allenfalls nur héchst unsichere Anhaltspunkte geben kénnen, 


Ma iiber die spectrale Reactionsempfindlichkeit der chemischen 
Blemente bisher keine zuverlissige Krfahrungen tiberhaupt 


 yorliegen. 


sy. VET.-AKAD. HANDL. BAND 22. AFD.J. Ni0% 7° 


NI I TT —== IESE ———— 


= Sw 


" Auf der Doppelaufnahme des oben genannten Spectral- 
Biheils der beiden Rutilarten entsprechen sich die Linien der- 
selben, abgesehen von der schon bemerkten Intensitatsdifferenz 
"der Vanadlinien bis auf eine Ausnahme vollstaindig. Diese Aus- 
" nahme bilden drei im Spectrum des schwedischen Rutils vor- 
Kommende recht kraftige Linien, von denen bei der norwegi- 
; moe i “schen Varietit kaum eine Spur vorhanden ist. Durch An- 
dieser Hinsicht durch einen besonderen Versuch zu priiten,? ‘schluss an naheliegende Titanlinien erhielt ich fiir diese 
bei dem die Verhadltnisse der Exposition und der Hervor.) i inien die Wellenlangen: 

rufung der Spectralbilder genau dieselben waren. Hs wurde | 

zu dem Aweck auf derselben Platte zwei Aufnahmen des obigen | 4 A == 4289.90 
Spectraltheils mit je einer Halfte des Spalts und unter An | 14.90 

wendung zweier Electrodenpaare gemacht, von denen das eine Jy | 94.50 

mit norwegischem das andere mit schwedischem Rutil bes "wahrend fiir die stirksten Linien des ganzen Chromspectrums 
schikt wurde. Die Expositionsdauer war in beiden Fallen” "nach meinen fritheren Messungen die Weert he 

dieselbe naémlich 1.5 Minuten. Die entwickelte Platte zeigt” a 
die Titanlinien beider Spectralbilder mit identischer Intensi-~ ‘ 
tit wiihrend die Vanadlinien in dem dem schwedischen Rutil | 14.9) 
entsprechenden Bild erheblich kraftiger als im Spectralbild” 4 | | 4.49 

des norwegischen Rutils erscheinen. Um dies deutlich hervor-~ gelten, Die Linien gehéren demnach Chrom, dessen Anwesen- 


pay e e ° 3 e ° 7 ° . a 4 S, é < “3 A ee * a a 
treten 20 lassen, fiige ich eine Lichtdruckeopie eee ZeK ; » heit im schwedischen Rutil in Ubereinstimmung mit der Ana- 
nung dieser Linien-bei, welche sich dem Aussehen des Neg@= QR] Iyse Exrpera’s somit nachgewiesen ist 


tivs unter dem Mikroskop der Theilmaschine méglichst genat) gy 
anschliesst. Man sieht, dass die Vanadlinien des norwegischen © 4 


Spectra der beiden Rutilarten vorkommenden Vanadlinien, go 
ergiebt sich, dass dieselben beim Rutil IT aus Karingbricka 
durchgiingig griésser als beim norwegischen Rutil (1) erschei. 
nen. Da dies einen grésseren Gehalt an Vanad beim schwe. 
dischen als beim norwegischen Rutil anzuzeigen scheint, som 
war es von Interesse das Verhalten der beiden Rutilarten in” 
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1) Vetenskapsakademiens Handl. 1803, p. 46. 
Dana: Mineralogy a. a. O. 
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D Laute einer Untersuchung des Spectrums des Vanads im 
setrischen Flammenbogen, mit welcher ich gegenwartig be- 
aftigt bin, habe ich neulich im blauen und violetten Theil 
sselben einige intensive Liniengruppen gefunden, welche als 
Syache Linien vorher im Spectrum des Titans aufgefiihrt 
: yrden sind. Da nach den vorliegenden chemischen Analysen 
“dem zur Erzeugung des Titanspectrums benutzten Mineral 
fil ausser Titansiure nur eine geringe Menge Kisenoxyd 
Banden sein sollte, so lag a priori keine Veranlassung 
- bei Anwendung desselben irgend welche ungewoéhnliche 
Tet sunreinigungen des Spectrums des Titans zu befiirchten, 
nd am allerwenigsten konnte ich dabei einen Gehalt an 
: anad erwarten. Wie ich neulich gezeigt habe! lasst sich 
imdessen die Gegenwart dieses Metalls nicht nur in dem bei 
7 Untersuchung des Titanspectrums benutzten, aus Kragerée 
) Norwegen stammenden Rutil zweifellos nachweisen, sondern 
feh und zwar in noch héherem Grade in einer zweiten Probe 
® Karingbricka in Schweden. In Ubereinstimmung mit 
mer schon 1803 von Exxrpere in Upsala ausgefiihrten Ana- 
habe ich in der letztgenannten Rutilvarietat ausserdem 
eh sehr merkliche Mengen Chrom gefunden, wihrend der 
mtil von Kragerée dies Metall entweder gar nicht oder 
Jenfalls nur als kaum nachweisbare Spur enthalt. 
"Dies eigenthiimliche Ergebniss liess es mir wiinschens- 
@ rth erscheinen mehrere Rutilarten von anderer Abstam- 
img einer ahnlichen Priifung zu unterziehen, indem der 
achweis eines allgemein vorkommenden Gehalts an Vanad 
diesem Mineral vom Standpunkte der Mineralogie sicher- 
3 nicht ohne Interesse sein diirfte. Das ungewdhnlich 
the Mineralcabinet des hiesigen Reichsmuseums bot dazu 
@ beste Gelegenheit. Aus den Sammlungen desselben habe 
pourch freundliches Entgegenkommen des Herrn Baron 


a ~ Bihang till K. Svenska Vet.-Akad. Handlingar Bd. 22, Afd. I N:o 7. 1897. 
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4 8. HASSELBERG, ZUR CHEMISCHEN CONSTITUTION DES RUTILS. 


NoRDENSKIOLD im Ganzen nicht weniger als zwolf vergchi 


dene Rutilvarietaten in der fraglichen Richtung untersuchg 
kénnen, némlich: 


fe rutis yon dKraceroe:. | 
Vamede sis) ee 4 NOD Were 
Loftushagen 
Karingbricka, . . . ... .. 1. Schwedem 
Tachowaja, Ural) 
Miask, Orenburg{ 
Binnenthal, Canton Wallis . Schweiz. 
Vrierxi( etic) Son SOR ren ar 
der Gegend von Freiberg. . Deutschlang) 
Neu-Castilien On 8! Spanien 

» Graves Mountain Lincoln Co.| \nee 

» Magnet Cove, Arkansas. . .| “ 


be 


O° 


Gr 


Russland. 


OND 


bet 
bo OS 


Es sind die Resultate dieser Untersuchung, welche higy 
kurz mitgetheilt werden sollen. 

Die Liniengruppen des Spectrums, welche zu den yor 
liegenden Vergleichungen benutzt wurden, sind in der H aupte 
sache dieselben wie vorher und hegen zwischen 4 460 und j 
427. Das Vanad hat in diesem Theil des Spectrums zwischey 
2 441 und 488 eine ausserordentlich glanzende Gruppe, derey 
wenn auch schwaches Erscheinen im Spectrum eines Rutilg 
geniigt um einen Gehalt desselben an Vanad unzweifelhaff 
darzuthun. Um iiber die Coincidenzen sicher zu entscheiden 
habe ich die gewdhnliche Methode benutzt den betreffenden 
Spectraltheil des Vanads und der jedesmal untersuchten Rutilt 


a 


art mit je einer Spalthalfte unmittelbar titber einander aut 
derselben Platte zu photographiren, wobei einige stets am 
wesende EKisenlinien fiir die unverriickte Lage des Spectro: 
graphen wihrend der Aufnahme die néthige und geniigendé 
Kontrole darboten. Da dabei stets dieselbe Art Platten, die 
selbe Expositionsdauer (1.5 Minute) und ausserdem noch eime 
moglichst gleichmiéssige Hervorrufung zur Anwendung kam) 
so werden die auf den Negativen geschitzten Intensitétel 
der Linien auch einigermassen mit einander vergleichbar sei 
und infolge dessen einen Schluss auf den grésseren oder g@ 
ringeren Gehalt des Rutils an Vanad gestatten. Die Skala 


nach welcher ich die relativen Intensititen der Linien ZW 


schiitzen gesucht habe, ist die gewohnlich von mir benutzte 


Qo he 


Heselben 2 


Jj a HASSELBERG 


j TILL K. SV VET.-AKAD. HANDL. BAND 23. AFD. I. N:0 3. 95 
[ANG ee 

y 6nit 6 die intensivsten mit 1 die schwachsten Linien 
ry I ° ° : 
aa + gind. Ein + oder — nach einer Zahl giebt eine 
gerehne | Pahl naher liegt, alendieunache 
Petit an, welche dieser Zahl naher liegt als die néachste 
tenst | Z j 
henstufe, also 2— niaher an 2 als 1.2, u. s. w. Wenn 


:° h eine Linie als kaum wahrnehmbare Spur erscheint 


hliesslic 
E dies mit § bezeichnet. 


© Nach diesen Bemerkungen wird die folgende Tafel, welche 
a Itate der Beobachtungen in Bezug auf Vanad ent- 
1e Resu ‘ As ° ° . 

«14. ohne weiteres verstindlich sein. In Betreff der Wellen- 
a aa der Vanadlinien habe ich jedoch zu bemerken, dass 
meu : ° ° . 

4 ur angenihert sind, indem ihre Werthe einfach durch 
‘plesen aus dem Rowland’schen Atlas des Sonnenspectrums 
LY) e e «0 } S 
shalten wurden. Die beigefiigten Rowland’schen Werthe zei- 


en jedoch, dass die Approximation eine vollig gentigende ist. 


Tatel I. Rutil von 


Vanad 
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B30 | 4594.30 
p 86.55 
59 80.55 


oo 


Y 77.40 
8 ) (49.85) 
m6 «4.62 
4469.90 
62.55 
60.45 
59.95 
52.12 
44.40 
41.90 
38.03 
16.65 
08.65 
08.40 
07.90 
06.85 
00.75 
4395.40 
90.15 
84.95 
79.42 
538.05 
41.15 
me 33.00 
me 630.15 
| 4271.80 
Bm) . 68.85 





5 Oo s—— 


| bots 








HS 99 oD os 
Ec NaS Ie? Fa cn ox 





HK no 
es eee 


plene | 1} 


— 

bo 

bo 
bo 

















a 
bo bo po 





— 
bo 





Pi % moot et | oe 


bo bo 


-+ “09 + 
— 
bo 


bo 
| 
| 


Fok 

















| | | Brwrr 





| @ mm & 


| 














m | % eR 


— 


| 


Bem. 


4 Gehirt Ti, Co 





SS ere eaisesteae eaamnsamseneeeeeeeeeee oes : 


= 


TSS ESTA ES EL 


PPR 


PSs DP STS NTS 
Sz ae — = art 


| 
| 











$< 5 en SS ae ogee cna 
- — <= BEY, 

























































































B. HASSELBERG, ZUR CHEMISCHEN CONSTITUTION DES RUTILg. 


Das Erste was aus einer néheren Durchsicht dieser Tall al 
hervorgeht ist die Thatsache, dass s&immtliche untersucht, 
Rutile mit nur einer Ausnahme Vanad enthalten. Diese Ay Uy 
nahme bildet der Anatas von Binnenthal in der Schwej, , 
Die Vanadlinien sind in dessen Spectrum entweder gar Nicht 
vorhanden oder dermassen schwach, dass ihre Anwesenhel 
tiberhaupt nicht sicher verbiirgt werden kann. Da dieg ee 
rade mit den Hauptlinien zutrifft so lasst die etwas STOssepe 
Intensitét der beiden Linien 4444.40 und 4441.90 es Wah, 
scheinlich erscheinen, dass dieselben dem Titan wirklich o¢ 
héren und nur zutalliger Weise so nahe den beiden Vana 
linien liegen, dass eine Trennung auf meinen Autnahmen yp, 
moglich ist. Himen ahnlichen Fall in Bezug auf Titan ung 
Chrom werde ich weiter unten zu bemerken haben. Ebengg 
hat die Linie 4549.85 mit Vanad sicherlich nichts zu thun, 
sondern bildet eine fiir Titan und Cobalt gemeinsame Strahe 
lung. 

Dass der Vanadgehalt des norwegischen Rutils aus Kua 
gerde demjenigen der schwedischen alone aus Kaéringbrickg 
merklich nachsteht, ist schon bemerkt worden. Man sieht 
dass dasselbe auch stattfndet wenn diese Rutilprobe mit dey 
beiden tibrigen norwegischen Arten aus Langée und Loftus. 
hagen verglichen wird. Eine ahnliche Verschiedenheit zweier, 
aus naheliegenden Fundorten stammender, Rutile ist an den 
beiden russischen Arten bemerklich, indem diejenige vow 
Miask im Orenburgischen eine wesentlich geringere Menge 
Vanad enthalt als diejenige aus Tachowaja im Ural, und 
dasselbe kann ebenfalls in Bezug auf die beiden amerikani« 
schen Varietaiten gesagt werden. ; 


Um den Nachweis des Vanadgehalts des Rutils véllig 


einwurfsfrei zu fiihren, habe ich es mir angelegen sein lassen 


die Reinheit der in den Bogenlampen benutzten Kohlenstabe 
durch besondere Versuche genau zu kontrolliren. Es geschahy 


dies einfach in der Weise, dass vom betreffenden Spectral 


theil eine Doppelaufnahme des Vanads und der reinen Kohle, 
vor dem Hinfiihren des Rutils in den Bogen genommen wurde. 
Auf diesen Aufnahmen, die mehrmals im Laufe der Unters 


suchung vorgenommen wurden, lisst sich, ausser einer Menge 


dem Bandenspectrum der Kohle gehérender sehr schwacher 


Linien, nur einige wenige Metall-linien entdecken, die abet 


fast alle Hisen, in keinem einzigen Fall jedoch Vanad gehoren 


iL K. SV. VET.-AKAD. HANDL. BAND 28. AFD. I. N:0 3. 7 


Na onl 
als Verunreinigungen der Kohle zu betrachtenden Linien 


qo | die folgenden: 
| A: 4404.94 [=1+ 
4383.76 12 
25.98 1+ 
08.02 iat 
02.67 
4971.99 1 
50.99 1— 
98.93 1 
26.90 2 + 


Sin Vanadgehalt der Kohlenstabe ist som sicher nicht 

p befirchten. 

"Zur Priifung der verschiedenen Rutilarten in Bezug auf 
nen méglichen Gehalt an Chrom habe ich theils die inten- 
iven Linien dieses Metalls im Griinen zwischen 4 541 und 
520, theils die glinzende Triplette 2 4289.9, 4274.9 und 
254.5 im Blauen benutzt. Im ersteren Fall saden beson- 
sre Doppelautnahmen des Chroms und des Rutils hergestellt, 
m letzteren konnten die Chromlinien, wenn vorhanden, sehr 
icht unter den Linien des Titans aut den Platten der Vanad- 


sihe aufeefunden werden. Die folgende Tabelle enthilt die 
eschatzten Intensitéten dieser Chromlinien in den Spectra 
gr verschiedenen Rutilproben. 


Tafel IJ. Rutil von 
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8 B. HASSELBERG, ZUR CHEMISCHEN CONSTITUTION DES RUTILE 


und Loftushagen bedeutende Mengen Chrom enthalten, wah - ma oe eas ee LS if | 
rend im Rutil von Kragerée davon kaum Spuren nachzuweijgg . | ar Way ta : ef fur COMA Me Ag | Lo || | 
sind. Von den russischen Rutilen ist derjenige aus Tach a ge : ae | if ee ae a colt | 
o, der zweite von Miask dagegen nicht yyg | oe : ; 3 See | 


(S 


waja chromhalti 


eine ahnliche Verschiedenheit ist auch an den beiden ames 3 Cl R Mi te 
i ie re ee | : AO 





° ° e ls 
kanischen Arten zu beobachten. Dem schweizerischen Anata 


fehlt Chrom vollstindig. Vergleicht man nun diese Kraay : | 
nisse mit den oben in Bezug aut Vanad gewonnenen Evfalian ee Sage a | eee [S99 : 
rungen, so ergiebt sich das bemerkenswerthe Resultat, dag 7 
der Gehalt an diesen beiden Metallen in den verschiedena 
Rutilvarietiten denselben Verlaut zeigt, so niamlich, dagg i 
denjenigen Rutilen, welche Vanad in grésserer Menge eng 
halten, auch Chrom vorhanden ist, wihrend bei geringgy 
Vanadgehalt das letztgenannte Metall entweder fehlt, ogg 
hochstens nur als kaum nachweisbare Spur erscheint. + 
Obwohl aus den Intensitaitsverhaltnissen der Spectral 
linien eines in geringer Menge vorhandenen Bestandsthei 
eines Korpers ohne welteres keine zuverlissige Schlitisse 
Bezug auf die Moéglichkeit durch gewohnliche chemische Anam 
lyse den fraglichen Bestandstheil nachzuweisen oder bestim 
men gezogen werden kénnen, so sind jedoch bei mehreren dg 
hier untersuchten Rutile die Vanadlinien kraftig genug, tm 
einen Versuch wenigstens in dieser Richtung nicht aussichts 
log erscheinen zu lassen. Auf meinem Ersuchen hat daher aug 
Hr Baron NorpEnsktvip die Gtite gehabt den norwegischer 
Rutil aus Langée einer chemischen Analyse zu unterwerte 
und dabei das auf spectroskopischem Wege gefundene Regul 
tat hinsichtlich eines Gehalts desselben an Vanad und Chroit 
bestitigen konnen. Hs ist demnach erwiesen, dass die big 
herigen chemischen Analysen dieses Minerals keineswegs die 
jenige Zuverlissigkeit oder Vollstindigkeit besitzen, .derel 
sie unter Anwendung auch nur der gewohnlich zugiinglicheliy 


Mittel fahig sind. | 
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1 Die Linie 5206.20 in der Taf. II besitzt wie man findet in den Rutile 
yon Kragerée, Miask und Arkansas eine merkliche Intensitat, obgleich i 
iibrigen intensiven Chromlinien da fehlen. Es beruht dies darauf dass die 
selbe auch eine wirkliche Titanlinie ist, deren Trennung von der Chromlill 
auf meinen Platten nicht méglich ist. : 
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et af Kongl. Vetenskaps-Akademiens Férhandlingar 1899. N:o 8. 


a Ofvers} Stockholm. 











‘sur la diffusion cosmique de Vanadium. 





Par M. B. Hasse.perc. 











[Communiquée le 8 Mars 1899.] 


Dans le cours de mes études spectroscopiques des métaux 


HHH 


Ndans l’arc électrique j’ai trouvé en comparant le spectre du Ti- 
yane avec celui du Vanadium, qu’une espece de rutile norvégien 


employé pour faire naitre le premier spectre présente un contenu 





assez sensible du dernier metal. N’ayant pu trouver en consul- 











"¢ant sur ce point les analyses chimiques ordinaires du minéral 


Sen question, citees par DANA*), quelque indication de ce genre, 





Mil m’a paru d’un certain intérét d’examiner sous ce rapport 


q plusieurs especes de différente origine dans le but de décider 


Painsi si le Vanadium doit étre consideré comme ingrédient essen- 





Ntiel du mineral ou non. J’ai exécuté cette recherche en com- 


parant directement par la photographie les spectres des diffé- 








rents rutiles avec celui du Vanadium.?) Parmi les nombreux 


"groupes de raies brillantes que présente le dernier spectre dans 
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plare électrique il y-en a plusieurs, qui par leur intensité con- 








P siderable sont tres propres a une telle recherche, mais c’est sur- 
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ee 











H tout le groupe dans le voisinage de 2: 440 qu’on peut employer 











avec avantage, puisque les plus minimes traces de Vanadium 











introduites dans l’arc suffisent pour le faire apparaitre. En 

q *) Dana, Descriptive Mineralogy, fifth edition. New-York 1883. p. 160. 

4 ) Svenska Vetenskapsakademiens Handlingar. Bihang. Band 23. 1897.. Astro- 
physical Journal. Vol. VI. 1897. 
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photographiant donc sur la méme plaque cette partie du spectre am 


du minéral & cdté de celui du métal, la presence du dernier dang 
VPéchantillon employé du minéral se revéle immeédiatement par |g 7 
prolongation des raies meétalliques dans le spectre du rutile. 
C’est ainsi que parmi douze especes de rutile provenantes de 
divers pays je n’ai trouvé qu’une seule, dans le spectre de laquelle _ 
les raies de Vanadium en question n’ont été retrouvees. 


Mais si la présence de Vanadium dans les rutiles en géné_ ~ 


ral se trouve ainsi démontrée, la méthode spectroscopique n’ap. © | 
prend rien a ce qui concerne la quantité, si ce n’est pas, que de | 


V'intensité plus ou moins grande des raies on peut conclure, que § 


Vune espece du minéral en contient plus ou moins que l’autre, — 
Dans la’ plupart des cas l’intensite des raies de Vanadium est 

tres faible dans le spectre du rutile en comparaison avec éclatm 
presque éblouissant dans celui du métal, d’ou il suit que la quan- 


tité du dernier contenue dans ce minéral est en géneral certaine- — 


ment tres petite. Peut-étre doit-on chercher dans cette circon= 
stance la cause pourquoi sa présence a échappe aux analyses — 
chimiques ordinaires. Cependant j'ai trouvé dernierement, que 
déja en 1861 Satnre Cnarrn DrvinnE') en a constaté une te- 
neur trés sensible dans le rutile de Saint-Yrieix, ce qui de 
montre, que les quantités en question bien que tres petites ne ~ 
sont pas assez minimes pour échapper a une analyse chimique 
rigoureuse. Cela se trouve confirme encore par Vanalyse dun 
rutile norvégien, que M. le Baron NORDENSKIOLD sur ma demande 7 
a bien voulu entreprendre, apres que la presence de Vanadium 
dans ce rutile ett été découverte par l’analyse spectroscopique. 

De méme que dans les rutiles, le Vanadium se rencontre : 
aussi en petite quantité dans une foule d'autres mineraux comme 
le prouve déja les analyses de SAINTE CLAIRE DEVILLE et sur — 


tout celles de M. HinnEBRAND,?) dans lesquelles le contenu des 


q 


différents minéraux en acide vanadique a été détermine ayer 


grande precision. Ce contenu, ne surpassant en general quelques 9 


1) Annales de Chimie et de Physique. III. Série. Vol. uxr. p. 342. 1861. 
2) American Journal of sciences. Vol. VI. 1898. 


‘gi 
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PD tiemes: de procent, parait encore lié a la quantité de silicates 
. dans les minéraux, de maniere que plus la dernidre est 
onsidérable, plus le premier est minime. Si nous ajoutons de 
1 js, qu outre dans les cas traites par M. HILLEBRAND le Vana- 
dium a été trouvé encore dans beaucoup d’autres matieres les 
jus diverses, par exemple dans les argiles communes, dans les 
be © nits et dans les ceindres des vegetaux et ainsi, de suite, on 
peut dire avec raison, que ce metal doit étre considéré comme 
‘appartenant aux éléments les plus répandus sur la. terre. 
— Quant 4 la presence du Vanadium sur le soleil, elle parait 
4 peine douteuse. Dans mes recherches sur son spectre dans. 
J/are électrique j'ai trouve, que parmi la grande masse de raies 
qu'on y observe un nombre assez considerable est représenté par 
A des raies d’absorption correspondantes du spectre genéral de l’astre. 


Mais cette correspondance ne s’applique qu’aux raies les plus 


“prillantes du métal et de maniéte en outre que la plupart de ces 


‘yaies solaires presentent une intensité extrémement faible, tandis 


a 


Pqu’aux raies moins fortes de Vanadium rien de correspondant se 


rencontre dans le spectre du soleil. La conclusion parait donc 
assez fondee, que la quantité de vapeur de Vanadium présente 
dans la photosphere generale du soleil doit étre peu considé- 
rabie. Sous, ce rapport il y a une différence marquée entre 
Yatmosphere generale ‘de l’astre et les taches, dans les spectres 


desquelles d’apres les observations de M. Youne les raies d’ab- 


a a 3 ° Of ° aye t eX 
Sorption de Vanadium presentent un renforcement tres prononcé. 


yy 
WH 


Le caractere général de l’absorption vanadique dans le soleil 


donne certainement peu d’esperance d’en trouver quelque trace 


dans les spectres des etoiles. A cet effet une connaissance de 


Ges spectres beaucoup plus detaillée qu’on ne la possede jusqu’- 
. OF , x * = Z A A 5 
mi est necessaire, Cependant l’analogie intime, qui existe’ entre 


fertaines classes de ces corps célestes et le soleil, le rend au 


i" y 1 
poms assez probable, que le Vanadium peut rentrer.dans leur 
£0M position. 


‘ Mais il y a une classe de masses cosmiques, dont la compo- 
' ition chimique peut étre étudiée beaucoup. plus en detail qu’il 
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n’est possible pour les grands soleils qui peuplent l’univers, je q 
veux dire les météorites. En effet il parait assez étrange, que 
analyse spectrale, dont les applications diverses sont deventeg 
maintenant si nombreuses, n’a été employée jusqu’ici que rayre_ 
ment a la recherche de la composition chimique de ces corps 
A ce que je crois les seules tentatives dans cette direction sop, ] 
celles qu’ont faites dernierement d’un coté M. NoRMAN Lockyupd) : 
dans ses études sur les spectres des deux fers metéoriques de 
Nejed et d’Obernkirchen, de l’autre Mess. HARTLEY et Raman, 2) 
qui ont étudié les propriétés spectroscopiques de plusieurs météo_ 
rites dans le chalumeau a gaz. Cependant ces études, dang Jo 
but de devenir vraiment profitables pour la connaissance de ]g_ 
structure matérielle de l’univers, doivent évidemment recevoir une ‘ 
étendue si grande que possible, puisque sous cette condition seule 
ment il sera possible de parvenir finalement a des idées plus 
générales sur la présence des éléments chimiques dans l’espace, 
C’est pourquoi j’ai entrepris depuis quelque temps des recherches 
semblables en étudiant a l’aide de Ja photographie les spectres 
dans l’arc électrique d’un nombre de météorites tombeés a des 
temps différents et dans des lieux les plus divers du globe.*) Je 
dois la possibilité de ces recherches a l’obligeance amicale de M. 
le Baron NORDENSKIOLD, qui a bien voulu mettre les grandes 
collections appartenantes aux musées royales a ma disposition 


pour le but en question. 


Parmi les résultats obtenus déja par une premiere revue { 
des clichés photographiques je me bornerai pour le moment a 
celui, qui se rattache a la présence de Vanadium dans les” 
météorites étudiés. Ayant trouvé. dés le commencement, que ce— 
métal se manifeste sans équivoque dans certains de ces corps i 
par la présence dans leurs spectres du groupe de raies brillantes” 


mentionné ci-dessus, tandis que dans d’autres cas pas une trace” 


1) Phil. Trans. Vol. 185 (1894) A. p. 1023. 
2) Scientific Proceedings of the Dublin Society. Vol. VIII. 1898. 


5) Concernant les détails sur les divers météorites voir: WULFING, Die Mete- 


oriten in Sammlungen und ihre Literatur. Tubingen 1897. 


a asia? AF K. VETENSK.-AKAD. FORHANDLINGAR 1898, N:08. 135 


Deait visible, j’al employé précisement ces raies pour |’ analyse 


ae ; questi 
es études sur les rutiles sur la méme plaque la partie corres- 


on en photographiant de la méme maniere que dans 


ondante des spectres du meétéorite et du métal. Par un examen 
Be entif des clichés sous le microscope on parvient ensuite faci- 
4 ment 3, décider de la présence du métal dans l’épreuve étudiée. 
: « resultats obtenus ainsi sont contenus dans la table suivante. 

ay trouve dans la premiere colonne les noms des places ou 
es météorites ont été trouves ou dans lesquelles on les a vus 
tomber, ainsi qu une remarque sur leur caractere rocheux (£) ou 
fervique (Ff). Les autres colonnes renferment les évaluations 
Vintensité des raies spectrales de Vanadium, dort les longueurs 


@onde se trouvent en haut, telles qu ‘elles se presentent dans les 


} a des divers meétéorites. Dans ces évaluations les raies 


es plus fortes sont designées par le nombre 6, tandis que les raies 
tres faibles mais cependant bien visibles sont notees par 1. Les 
intensités intermédiaires sont indiquées par deux nombres, p. e. 
19, 9.3. Un + ou un — attaché a un nombre désigne une 
modification legere de l’intensité observée. Finalement la lettre 


A dénote que la raie en question se trouve seulement comme 
trace excessivement faible et a peine visible sur le cliché. 


Ofvers. af K. Vet-Akad. Fork. 1899. Arg. 
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S. kd e ® 4 'VE one 
Parmi ces raies il y en a quelques-unes, qui par le VOlsinage — Fait a sat PAkctolapee dnote 
7 ie DR eee ae = OV sition inter- 
de raies brillantes de fer sont tres difficiles a observer. Aing; (NN: neipales, De aisti-te cass’ Tu ne ee . 
ee e qui 7 ; endant que 
la raie 4407.85 tend presque toujours a se confondre avec la raig i édiaire, L q a ettvesteer ata shoe i a 
A : \ : Fis le me éor étal est indubi- 
de fer 4407.87, de méme que la raie 4271.70 est completement © an 
ee ie ee Site Ais 2 “— A ble, jes traces qu’on en trouve dans celui de Brenham sont 
masquée par la nébulosite intense, qul remplit presque entiére_ ~ 


ws : Be oment douteuses en méme temps que les fers de Pallas 

oI des raies de fer 4271.93 et 4271.32. La méme © x ces 
al ad boa : Sh ry epee ; mee e" - t ‘d’Atacama en sont tout a fait dépourvus. Ces faits remar- 
difficulté se rencontre encore a l’égard de la raie 4353.02 aa 


e r e : q 
| voisinage de la raie 4852.08 du Magnesium, dont ]9 — ; 
eas : E “q A ‘la grande diffusion de Vanadium, mais rendent encore la 


ite stendue } la cacher plys | 
vaste nébulosité est souvent assez etendue pour us 
, _ onclusion au moins tres probable, que les météorites rocheux 


ont d’une origine differente de celle des fers météoriques. 

















gables semblent done non seulement offrir une preuve ultérieure 





ou moins completement. . 
En étudiant maintenant de plus pres la table ci-dessus op ~ 


voit en premier lieu, que la quantité de Vanadium contenu dang 








: e \ e 4 

les météorites est en général certainement tres petite. En effet 7 
: ° ; s ! 

Yintensité des raies vanadiques dans leurs spectres est presque — 


- e ° ° a ’ 2 ‘ 
toujours assez insignifiante en comparaison avec Veclat considé-~ 


f 





' Parmi les métaux dont la présence dans les deux fers 
nétéoriques de Nejed et d’Obernkirchen a été signalee comme 
robable par M. LockYER se trouve aussi le Vanadium. Cette 
onclusion est fondéee sur la présence dans leur spectres des 
juatre raies suivantes attribuées a ce métal: 


rable, que presentent ces raies dans le spectre du metal. Mais 
dautre cété il y a des differences indubitables entre les diffé- ' 
rents météorites sous ce rapport, de sorte que leur teneur en } 
Vanadium, bien que petite, est certainement assez inegale. Aingj | : q q = '4119 6 
les météorites de New-Concord, Lundsgarden, |’ Aigle, Kniahynia 7 | 4 | 18.0 
et Alfianello en contiennent sans doute une quantite bien plus 4 15.1 
grande que ceux d’Orgueil, d’Aussun et de Cléguerec. Cepen- q a 12.5 























dant l’analyse spectrale est pour le présent au moins tout a fait e En comparant maintenant ces positions avec le spectre de 
hors d’état de decider jusqu’a quel point on pourrait par une ; Vanadium, je trouve que seulement la premiere et la dernidre 
analyse ‘chimique rigoureuse parvenir a une évaluation quanti- ay ‘sont representées par les raies 4119.58 et 4112.47, tandis que 
tative de ces rapports. es deux autres sont trop différentes des longueurs d’onde des raies 

Une autre circonstance bien plus remarquable se manifeste aS plus voisines de ce métal pour que l’identité pourrait étre 
encore par l’inspection de la table ci-dessus. C’est que les méte- € wardée comme probable. 





























Mais en supposant néanmoins que 
orites, dans la composition desquelle rentre le Vanadium, appar cet tte identité soit parfaite, la circonstance, que sur les clichés de 
tiennent tous a la classe rocheuse, tandis que les fers metéori-” we Lockyer, aussi bien que sur les miens, pas une trace du 
ques proprement dits, avec la seule exception de celui de Grom a s groupe principal de Vanadium 4: 4408—4379 n’a été 
land, n’en contiennent pas la moindre trace. , Ee rouvee, le rend tout A fait impossible d’admettre que ce métal 


{ 


En supposant que cette regle soit generale, on doit s atten entre dans la composition des dits météorites. 














Nr ee nn a nn RE 














: Cependant on 
dre & ce que les meso-sidérites, qui par leurs proprietes minéralogi- _tt Soumettre la question a ane preuve encore plus décisive. 





poe 


classes e é 
ques forment une classe de transition entre les deux | ffet, apres avoit Photographic sur la medio: plague oe 
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partie du spectre de Vanadium et du meteorite de Nejed, jai ! : 4 | j | PROCEEDINGS OF 


THE ROYAL SOCIETY. 








cherché & découvrir dans le dernier quelque trace des rales vang_ 
diques de M. LockyYER, mais toujours sans succes. De méme § 
plusieures autres rales appartenantes au méme groupe de Vana_ © 
dium et dont l’intensité parait encore plus grande que celle deg © 
raies de M. LockyER manquent complétement au spectre qy 
météorite. C’est ce qui arrive particulicrement a l’égard deg 











No. 372. 





raies fortes suivantes du Vanadium: 


A: 4128.25 3.4 
23.65 3 
16.65 3 | : ) 
15.32 3.4 ! _— - CONTENTS. 
11,93 : | 


09.94 
g of March 25, 1897 @yiemecion Mecting) 


05.32 | ‘% 
q y ihe Chemistry of the Hottest Stars. By J. Norman Locxvzr, O.B., 
02.32  : B.S. (Plates 1—8) : 


4099.93 4. 


















































liste & laquelle il est inutile de donner une extension: ulterieure, 
onal Remarks by Mr. LockYER . ; e ; 


| 
. r Reet oe : by Mr. FRanr McOreay, F.RS., “On Comparative Photographic 
raies observées par M. LockyErR sont tout a fait etrangeres au | | Spectra of Stars to the 3} Magnitude” OS peace ee 


Dans ces conditions la conclusion parait donc inevitable, que les 


Vanadium et que par conséquent ce metal ne rentre pas plus 
dans la composition des meteorites de Nejed et d’Obernkirchen § 





que dans celle des autres fers méteoriques. 
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es 


di o rate in the organisms which then existed.”* That changes 
pon .. effected with considerable rapidity cannot, I think, be 


el i ed. 


9 It is further, I think, abundantf proved in the present case 


4 though sudden variations do occur, they are, as far as we know, 
4 as long as gelf-fertilisation is adhered to. The striking 
Fits obtained by cultivators have been due to the patient accumu- 
“ti Bn by selection of gradual but continuous variation in any 
F syed direction. | 

"® The size which any variable organ can reach does not appear to 
sg overned by any principle of correlation. Large flowers are not 
| Be csarily accompanied by large leaves. Under natural conditions 
4 lled by mechanical limitations and by the principle of 


se is contro 
5144‘ ° e 5 ae 
} ure cannot afford to indulge in anything unnecessary 


sconomy : Nat F 
Mor the purpose in view.t 
"4. The general tendency of a plant varying freely under artificial 
F snditions seems to be atavistic, 2.e., to shed adaptive modifications 
Which have ceased to be useful, and either to revert to a more gene- 
ralised type or to reproduce “characters which are already present 
F other members of the same group.”{ This conclusion must, 
However, be accepted with caution, for we must remember that in a 
hase like the present we are only acquainted with variations which 
Ni jave been preserved with a particular end in view. 
'5. The case of “‘cresting’’ shows that the plant still possesses the 
power to strike out a new line and to develop characters which 
yould even be regarded as having specific value, as in the total 
shange which has been effected in the form of the leaf in Primula 
ynensis. 1f such a race developed any degree of sterility with other 
races it would have satisfied Huxley’s criterion for the artificial 
oduction of a new species. 
* ‘Origin,’ 6th ed., p. 286. 


+ See Darwin, ‘ Origin,’ 6th ed., p. 117. 
{ See Darwin, ‘ Origin,’ 6th ed., p. 127. 


vO i. LXI, 


y 
' 














ree 


a en ee - Ae rm a : Ps . a 
an Spe ee LSS ————— et ES 3 TSE Se NR eee a = = = —— 


= Fp raers 





















































































































































—S—S———. ————— = = = —— — = 7 

= : a] 
{ 

Si ih he ee cA A I SAPO Bat NTI ia 





| My J. Norman Lockyer. 


March 25, 1897. 


The LORD LISTER, F.R.C.S., D.C.L.., President, in the Chaip 


Meeting for Discussion. 


Subject: ‘‘ The Chemical Constitution of the Stars.” 


The following Paper and Notes were read in the course of + f 
discussion :— 


q 


r/ “Qn the Chemistry of the Hottest Stars.” By J. Normay 
Lockyer, C.B., F.R.S. Received March 8, 1897. 


[Prates 1—3. | 


CONTENTS. 


: Part I. 

I. Introduction. 

The criterion of long and short lines. 

Some short lines indicate the effects of high temperature. 
Flame, are, and spark lines. 


II. Application of the early results to the investigation of stellar spectra, 
General remarks. | : 
First indications of relative stellar temperatures. . q 
Comparison of terrestrial and stellar line spectra. r, 


The loci of absorption in stellar atmospheres. q 


III. Recent photographic investigations on the spectra of metals at high tem 
peratures. 
Tron. 
Calcium. 
Magnesium. 


IV. Application of the recent investigations to stellar spectra. 
Tron. 
General results with regard to iron. 
Calcium. 
Magnesium. 
General results with regard to calcium and magnesium. 
V. On the occurrence of the lines of the cleveite gases and of hydrogen in tl 
hottest stars. 
Important position of the cleveite gases. 
Varying intensity of the cleveite lines. 
Varying intensity of the lines of hydrogen. 
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|g Oo parison of the metallic results with those given by the cleveite gases and 
ig om 

; hydrogen. 

The cleveite gases. 

Hydrogen. 

mperature ranges of the metallic and cleveite lines. 


The lower limit in the case of the enhanced metallic lines. 
The upper limit in the case of the enhanced metallic lines, 
The cleveite gases. 

General conclusions. 


1. Inversion of the phenomena on cooling in the case of the metallic and cleveite 


lines. 
The temperature curve. 
Metallic results, descending. 
 Cleveite gas results. 


On the absorbing conditions on the upward and downward sides of the tem-— 
perature curve. 


' Temperature order of | some of the hottest stars on the two sides of the 
temperature curve. 
The absorptions not identical. 
The new criteria. 
General conclusions as to the spectroscopic differences on the two sides of 
the curve. if 
The probable physical causes of the differences. 


X. Are we in presence of the highest stellar temperatures ? 


~ 


Part II. 


qj 


XI. Bearing of the new results on the dissociation hypothesis. 
7 


§ I. Historical statement. 
Special reference to solar work.. 
Some special experiments. 


§ II. The main points. 
Flutings represent vibrations of complex molecules. 
The complexity of the line spectrum. 
The effect of pressure on wave-length. 
The question of series. 
Statement of some opinions. 
The basic lines. 


. Extension of the field of investigation. 
A possible objection. 
The connection between chromosphere and stellar phenomena. 
The possible action of heat on the sun’s present chromosphere. 
The Orion stars. 
The law of continuity. 
The ultimate molecules involved, 
Prout’s hypothesis. 
Final result. 


LIT. General Conclusions. 
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LIST OF MAPS. 


I. Metallic lines in stars of increasing temperature. 
II. Lines of cleveite gases in stars of increasing temperature. 
III. Metallic lines and lines of cleveite gases in stars of increasing temperatyye 
TV. Temperature ranges of different substances. i 
V. Metallic lines in cooling stars. 
VI. Lines of cleveite gases in cooling stars. 
VII. Metallic lines and lines of cleveite gases in cooling stars. 


PLATES. 


1. Are and spark spectra of magnesium, iron, and calcium. 
2. Photographic spectra of typical stars of increasing LOS 
8. Photographic spectra of typical cooling stars. 


I. INTRODUCTION. 


The study of stellar spectra from the time of Rutherfurd to the | 
present shows us that only a very small number of groups ig in 
question. We seem to be in presence of an evolution in which onJy 
a very few variables are in operation, and in my opinion the pheno. 
mena suggest that the only variable of paramount importance jg 
temperature. : 

In working out the classification of stellar spectra, which I com. 
municated to the Royal Society in 1888, the course pursued was to 
study the flutings and lines of the various elements given in the 
existing lists and to fill up gaps in them by fresh experimental work k 
with the view of finding the necessary criteria. q 

The question, however, was complicated by the discovery in stellar 
spectra of many lines, the origin of which could not be stated. 

Some time has now dundee since my classification was published, 
In the meanwhile the attempts to trace the origin of the unknown 
lines have been continued, and the discovery of terrestrial sources of 
helium, and probably other gases, has thrown a flood of new ig 
upon stellar chemistry. 

I propose in the present paper to trace the history of the criteria 
now at our disposal in the study of the phenomena of the hottest 
stars and to give the results of my latest researches. In the present 
communication, thus limited in scope, we are only concerned with 
spectral line phenomena, and it is important that some of the main 
points connected with line spectra in their relation’ 'to celestial bodies 
should be ‘referred to by way of introduction to the later results. 


The Criterion of Long and Short Lines. 


In November, 1872,* I showed that when an image of an electri 
spark is thrown on the slit of a spectroscope the lines are seen of 


* ¢ Phil. Trans.,’ 1873, vol. 163, Part 1, pp. 253-275. 7 
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gq nt lengths, and I indicated by means of photographs how very 
.... these phenomena were. The adoption of this method of 
enabled me to establish that when a metallic vapour is sub-— 
e at any one temperature to admixture with another gas or 
oe r, or to reduced pressure, its spectrum becomes simplified by 
: _pstraction of the shortest lines and by the thinning of many 


a the same paper, I pointed out that “these observations have 
] smportant bearing upon the solar spectrum, for the reason that, 
g sg well known, all the lines known to exist in the spectrum of an 
a ment supposed to be present in the sun’s atmosphere are not in all 
os reversed” (p. 261). Maps were given which showed “ that 
f yariably the reversed lines are simply those which are longest in the 
D ctrun. .. . Lt supplies us at once with the true test to apply to 
4 yeversal of solar lines and a guide of the highest value in 
4 ectrum observations of the chromosphere and _photosphere” 
(x , 264). : Ee Se 

“Jn another communication,* in November, 1873, I added that 
‘the test formerly relied on to decide the presence or absence of a 
metal in the sun (namely, the presence or absence of the brightest 
ind strongest lines of the metal in question in the average solar 
spectrum) was not a final one; and that the true test was the 
nyesence or absence of the longest line, being that which remains 
loneest in the spectrum when the pressure of the vapour is 
reduced.” 

‘In this paper I gave a photograph of the spectrum of iron pro- 
Inced when an image of a horizontal arc was ‘projected on to the 
Pytical slit of a Steinheil spectroscope. A spectrum of long and 
hort lines is obtained in this way, precisely as in the case of the 
park, except that the phenomena are much better seen. The long 
imes represent the vapours which extend furthest from the centre 
bf the arc, the short lines those which exist only at the centre. 

On the strength of the criterion thus established, I was enabled 
(0 announce the presence of many metallic elements in the sun’s 
itmosphere. 


Some Short Lines indicate the Hifects of High Temperatures. 


‘It was generally assumed in the first instance that the short line 
vere true products of the greater heat of the core of the arc. 
Subsequent work with the jar spark, in 1876+ and 1878,¢ showed 
at at spark temperatures some of the shorter arc lines behayed 


tf 


q * ‘Phil. Trans.,’ vol. 164, Part 2, p. 490. 
q + ‘Roy. Soc. Proc.,’ vol. 24, p. 352. 
£ Lbid., vol. 28, p. 157. 
























































































































































152 ~ Mr. J. Norman Lockyer. 


differently from others. Among these lines may be mentioned the ; 


two lines of calcium producing the solar lines H and K ang 


spectrum of the solar chromosphere. 


These facts seemed to show that short lines might be produced i | 
two causes: (1) the increased temperature of the core ; (2) the rapt 
breaking up of the solid metal used as poles into various complex — 
molecular groupings as the vapours passed from the core to the outer 
edge of the arc.* This last action was apparently responsible for by 


far the greater portion of the short lines. 


Flame, Arc, and Spark Lines. 


In 1879 I attempted to carry the matter further by Volatilising 
those substances which give us spectra in a Bunsen flame and - 
passing a strong spark through the flame, first during the process of | 
volatilisation, the substance being put into the flame just below the _ 
platinums, and then after the temperature of the flame has produced 
all the simplification it is capable of producing,* the substance in _ 
this case being introduced into the base of the flame. The passage — 
from flame to spark represented a stronger case than the passage : 
from arc to spark, and the view that the above-named two causes 


were at work was greatly strengthened by the observation of mag- 


nesium, lithium, and other metals recorded. In the first place, the — 
diiterences observed in dealing with different quantities were — 
attributed to the fact that ‘“‘the more there is to dissociate, the more { 
time is required to run through the series, and the better the first 


stages are seen.” 


Further, lines invisible in the flame spectram when the spark was 
not passing were rendered visible by the passage of the spark. The — 
blue line of lithium about »\ 4602 and the line of magnesium about © 
X 4481 may be given as examples. Some of the flame lines were © 
dimmed or became invisible at the time of the production of the new 
lines. The lines intensified by the spark in the flame were the same 


as those enhanced on the passage from the arc to the spark. 


This strengthened the view that the result of a higher temperature 
was to produce an important change in the spectrum, and it was con- © 
cetvable that in a space entirely heated- up to the highest tem=- 
' perature the spectrum would consist entirely of the enhanced lines. 

The employment of the flame in the experiment just referred to 
suggested a series of observations at flame temperatures with a view 


* © Roy. Soc., Proc.,’ 1879, vol. 30, p. 22. 


two | 
lines of iron at 49241 and 5018°6 (AAR). These lines were enhanegt P 


in intensity on passing to the temperature of the spark, while a large — 
number of similar lines disappeared, and it was found that the linge 
thus enhanced in intensity were of considerable importance in the | 
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| 3 f determining exactly the difference between the flame and arc 


c ectra. . i 
E irhe general result of this line of work was to show that there was 


| 5 step similar in kind to that from are to spark between the flame 
Bedarc. To take iron as a case in point, a few lines only constitute 
> the spectrum of the flame. The number is enormously increased on 


“passing to the arc, but none of the flame lines are dropped. 

- Avery important fact to be borne in mind ig that the intensities 
bof the lines common to the flame, arc, and spark differ greatly at the 
three temperatures, so that the three stages of flame, arc, and spark 


| Jines are generally recognised. 


" Ti. APPLICATION OF THE Harty Resuuts to rH INVESTIGATION OF 
. STELLAR SprcrrRa. 


General Remarks. 


In attempting to assign origins to the lines seen in the spectrum 


‘of the sun or stars, it is clear, from what has been stated, that we 


» shall not get a perfect matching with terrestrial lines, either in regard 
‘to the intensities or lengths of lines, unless the terrestrial lines in 
“question are those seen at a temperature closely approximating to 


‘that of the particular part of the sun or star in which the vapour 
which produces the absorption exists. 


In the atmosphere of the stars we have probably the closest 


“approximation open to our observation of that equally heated space 


condition to which I have previously referred. 


' The question arises whether we have any means, independently of 


‘the line phenomena we are now discussing, of determining whether 


; he effective absorbing region of the stellar atmospheres are at the 


same temperature or whether they vary. And in the latter case, 


‘can we go further and arrange them approximately in the order of 


temperature P 


Furst Indications of Relative Stellar Temperatures. 


q ‘On this point I wrote as follows in 1892*: “An erroneous idea 
With regard to the indications of the temperature of the stars. has 
been held by those who have not considered the matter specially. It 
nas been imagined that the presence of the series of hydrogen lines 
im the ultra-violet was of itself sufficient evidence of a very high tem- 
perature. The experiments of Cornu,t however, have shown that 
: he complete series of lines can be seen with an ordinary spark with- 
ee jar. Hence the high temperature of such a star as Sirius is not 


* ‘Phil. Trans.,’ 1898, vol. 184, p. 721. 
+ ‘Journ. de Physique,’ 1886, series 2, vol. 5, p. 341. 
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154 | Mr. J. Norman Lockyer. 


indicated by the fact that its spectrum shows the whole serie, of 
hydrogen lines, but by the fact that there 1s bright continuous radiation 
far in the ultra-violet.” 

We shall not go far wrong in supposing that the star with the 
most intense continuous radiation in the ultra-violet is the hottest 
independently of absorbing conditions, which, in the absence of 
evidence to the contrary, we must assume to follow the same law 
in all. : 

An inquiry into the facts placed at our disposal by the stellap 
photographs taken at Kensington, shows that there is a considerable 
variation in the distance to which the radiation extends in the ultra. 
violet, and that the stars can be arranged in order of temperature on 
this basis. 

Judged, by this criterion alone, some of the hottest stars so fap 
observed are y Orionis, ¢ Orionis, z Virginis, y Pegasi, 7 Urge 


Majoris, and X Tauri. Of stars of lower, but not much lower, tem. 


perature than the above, may be named Rigel, ¢ Tauri, « Andromeda, 
B Persei, « Pegasi, and @ Tauri. 


Comparison of Terrestrial and Stellar Line Spectra. 


Having, then, this independent determination of relative tempera- 


ture, we are ina position to study the results of the comparison of 


terrestrial and celestial line spectra. 

As the variations of spectra with temperature are very striking in 
the case of iron, calcium, and magnesium, the spectra of these sub- 
stances afford a ready means of checking the relative temperature of 
the absorbing region of stars as determined by a consideration. of 
the extension of the continuous radiation into the violet and ultra- 
violet. 

But, before the results of such inquiries can be properly used, some 
general considerations have to be passed under review. 


The Loci of Absorption in Stellar Atmospheres. 


Assuming that the most valid absorbing vapours in any particular 
star are all near one temperature, we can proceed to investigate the 
origins of the spectrum lines by first getting a clue as to the probable 
temperature from the extent of continuous spectrum, and then 


inquiring into the presence or absence of the lines which are longest ~ 


in the spectra of various substances at that temperature. If, how- 
ever, the absorptions take place at different levels in the atmosphere 
of a star, the proper spectrum of each substance to be thus investi- 
gated can only be determined by a comparison of the stellar with 
the terrestrial lines of the substance under varying temperature con- 
ditions. 
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4 This method. of looking for the longest lines will fail in the case of 


which are hotter than our hottest spark. In such case, there- 
fore, We must necessarily rely ona comparison with lines which, from 
‘our study of the spectra at different temperatures, would most pro- 
pably be longest in the spectrum at a temperature higher than any at 
hi ch experiments can be carried on. 

[t is in connection with such an inquiry as this that the study of 


stars 


q the conditions of the sun’s atmosphere is of supreme importance. It 


43 obvious that a knowledge of them must be of the utmost value in 
enabling us to apply a well-established series of facts, gathered in the 
Pace of the star nearest to us, to the phenomena presented by the 
more distant bodies. | 
Observations of eclipses, especially those of 1882 and 1893, provide 


| = with a series of results with which to approach the question of the 


‘absorption phenomena presented by the stars, and we have seen that 
the whole question of the classification of stars depends absolutely 


“upon their absorption phenomena. 


Now in many of these bodies the atmosphere may be millions of 
miles high. In each star the chemical substances in the hottest and 


‘coolest portion may be vastly different; the region, therefore, in 
“which the absorption takes place, which, spectroscopically, enables us 
4o discriminate star from star, must be accurately known before we 
can obtain the greatest amount of information from our inquiries. 


The loci of the various absorptions in a mass of gas such as a star 
of the highest temperature, have not yet been sufficiently studied. 
_ I may say that for some time I was of opinion that in the sun 
many of the darkest lines indicated absorptions high up in the atmo- 
Sphere, for the reason that the bright continuous spectrum of the 
lower levels might have an important effect upon line absorption 
phenomena by superposing radiation, and so diminishing the initial 


| absorption. The observations of the eclipse of 1893, however, indi- 


cate that this opinion is probably only strictly true when the strata 


"of the sun’s atmosphere close above the photosphere are considered. 


_ ff we are justified in arguing from a star with a photosphere as 
well developed as that of the sun, to one in which it is in all prob- 
@ bility much less marked, in consequence of a much higher tempera- 
ture, then we must consider that the absorptions which mark out the 
various star groups are more conditioned by the temperatures of the 
hottest regions merely than by the thickness of the absorbing atmo- 
spheres, or by the densities of the various vapours. Another con- 
Sideration to be borne in mind is that if the atmospheres are in part 
Composed of condensable vapours, and not entirely of gases permanent 
at all stellar temperatures, condensation must always be going on 
outside at the region of lowest temperature. 

_ At this point it is important to consider the conditions of that part 
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156 Mr. J. Norman Lockyer. 


of the sun’s atmosphere where it is known beyond all question that 
certain, but not all, of the absorptions which produce the Fraunhofep 
lines take place. 

_ In my paper on the eclipse of 1893,* I referred at length to this 
point. The matter is so important that I do not hesitate to quote 
what I then said in the present connection: 

“As a result of solar spectroscopic observations, combined with 
laboratory work, Dr. Frankland and myself came to the conclusion, 
in 1869, that at least in one particular, Kirchhoff’s theory of the 
solar constitution required modification. In that year we wrote ag 
follows :—*+ 

““*May not these facts indicate that the absorption to which the 
reversal of the spectrum and the Fraunhofer lines are due takes 
place in the photosphere itself, or extremely near to it, instead of in 
an extensive outer absorbing atmosphere P’ : 

“In an early observation of a prominence on April 17th, 1870, J 
found hundreds of the Fraunhofer lines bright at the base, and 
remarked that a ‘more convincing proof of the theory of the solar 
constitution put forward by Dr. Frankland and myself could scarcely 
have been furnished.’t | 

“During the eclipse of 1870, at the moment of disappearance of 
the sun, a similar reversal of lines was noticed; we had, to quote 
Professor Young, ‘a sudden reversal into brightness and colour of 
the countless dark lines of the spectrum at the commencement of 
totality.” On these observations was based the view that there was 
a region some 2” high above the photosphere, which reversed for 
us ali the lines visible in the solar spectrum; and on this ground the 
name ‘reversing layer’ was given to it. 

‘“‘ Continued observations, however, led me, in 1878, to abandon the 
view that the absorption phenomena of the solar spectrum are pro- 
duced by any such thin stratum, and convinced me that the absorp- 
tion took place at various levels above the photosphere. I need not 
give the evidence here; it is set forth in my ‘ Chemistry of the Sun.’§ 
On the latter hypothesis the different vapours exist normally at 
different distances above the photosphere, according to their powers 
of resisting the dissociating effects of heat.| 

‘““My observations during the eclipse of 1882, in the seven minutes 
preceding totality, to my mind set the matter at rest. ‘We begin with 
one short and brilliant line constantly seen in prominences, never 
seen in spots. Next another line appears, also constantly seen im 


* «Phil. Trans.,’ 1896, vol. 187, A, p. 608. 
+ ° Roy. Soc. Proc.,’ vol. 17, p. 88. 
~ Lbid., vol. 18, p. 358. 

Chapter XXII, pp. 303-309. 

‘Roy. Soc. Proc.,’ vol. 84, p. 292. 
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prominences ; and. now, for the first time, a longer and thinner line 

appears, occasionally noted as widened in spots; while, last of all, 

we get, very long, very delicate relatively, two lines constantly seen 

widened in spots, and another line, not seen in the spark, and never 
et recorded as widened in spots.’* 

«Similar observations in the same part of the spectrum were 
made by Professor Turner in 1886.+ His observations were made 
under less favourable conditions than those in Hgypt, and in the 
absence of statements as to the relative lengths of the lines observed, 
it is impossible to utilise them. 

“This is one of the most important points in solar physics, but 
there is not yet a concensus of opinion upon it. Professor Young 
and others, apparently, still hold to the view first announced by Dr. 
Frankland and myself in the infancy of the observations, that the 
Fraunhofer absorption takes place in a thin stratum, lying close to 
the photosphere.” 

I next proceeded to discuss the numerous photographs cbtained 
during the eclipse, and I gave a map showing that there was only 


the slightest relation between the intensities of the lines common to 


the Fraunhofer and the eclipse spectrum, and further, that only a 
few of the Fraunhofer lines are represented at all. Not only this, 
but in the eclipse photographs there are many bright lines not 
represented at all among the Fraunhofer lines. 

The chromosphere, then, is certainly not the origin of the Fraun- 
hofer lines, either as regards intensity or number. From the eye 
observations made since 1868, there is ample evidence that the 
quiescent chromosphere spectrum indicates a higher temperature 
than that at which much of the most valid absorption takes place ; 
in other words, that the majority of the lines associated with lower 
temperature are produced above the level of the chromosphere. ; 

The eclipse photographs, however, at the same time afford evi- 
dence by the relative lengths of some of the lower temperature lines 
that we need not locate the region which produces them at any 
great height above the chromosphere. 

The solar evidence, then, is that most of the line absorption is 
produced in, and not very far above, the chromosphere. This is a 
conclusion we are bound to accept in a discussion of the origin of 
stellar absorption in the absence of evidence to the contrary. 

We have no right to assume that the absorption will be pro- 
duced at the top of the atmosphere in one star, and in the bottom 
in another, when the atmospheres are once relatively quiescent. 


* * Roy. Soc. Proc.,’ vol. 34, p. 297. 
fT ‘Phil. Trans.,’ 1889, vol. 180, A, p. 891. 















































































































































158 My. J. Norman Lockyer. 


III. Recent PuHoroGraPHic INVESTIGATIONS ON THE SPECTRA OF 
Mertars at HicgH TEMPERATURES. 


At the time at which the earlier inquiries to which I have already © 


referred were made, it was only possible for the most part to deal 
with eye observations of the heavenly bodies. The results were, 
therefore, limited to the visible spectrum. 

During the last few years I have been fortunate enough to 
obtain photographs of the brighter stars and of the sun’s chromo- 
sphere during eclipses ; it became of importance, therefore, to extend 
the observations of terrestrial spectra into the -photographic regions 
for the purpose of making the comparisons which were necessary for 
continuing the inquiry. 


Tron. 


The facts with regard to changes in the spectrum of iron were 
shown by my early experiments to be not much less striking than 
those noted in the case of calcium, magnesium, and other metals. 

For the last twenty years I have devoted special attention to iron, 
and noted many stellar and terrestrial coincidences. I shall begin 
my account of the new work by dealing with that metal. 

Among the iron lines are two triplets, or sets of three lines, giving 
an example of repetitions of structure in differents parts of the 
spectrum; one of them is less refrangible than G, and the other 
falls between hand H. In 1878 I wrote as follows :— 

“In many photographs in which iron has been compared with 
other bodies, and in others, again, in which iron has been photo- 
graphed as existing in different degrees of impurity in other bodies, 
these triplets have beeu seen almost alone, and the relative intensity 
‘of them as compared with the few remaining lines, is greatly 
changed. In this these photographs resemble one I took three years 
ago, in which a large coil and jar were employed instead of the are. 
In this the triplet near Gis very marked; the two adjacent lines 
more refrangible near it, which are seen nearly as strong as the 
triplet itself in some of the arc photographs I possess, are only very 
faintly visible, while dimmer still are seen the lines of the triplet 
between H and h.’’™ 3 

It was also pointed out at the same time that the lines of iron 
appearing in the chromosphere did not make their appearance in 
the order of their lengths in the are. | 


For the new inquiries I have employed two storage cells giving a — 


current of 7 amperes at 8 volts, with an Apps Intensity Coil giving a 
spark of 10 inches and a jar capacity of between 40 and 50 gallons. 
To clear the ground, it was important to determine whether the 


* ‘Roy. Soc. Proc.,’ vol. 28, p. 172. 
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generally observed dropping-out of lines in the spark depends upon 
the diminished quantity of incandescent vapour as compared with 
that in the arc. 3 

With the brilliant spark obtained under the new conditions there 
is little difference betweeen arc and spark with regard to the num- 
per of lines. Hence it may be concluded that the small number of 
lines previously recorded in the spark spectrum was not an effect of | 
increased temperature, but one due to the small quantity of vapour 
produced by the use of a small coil. | : 

The next point was to inquire if the photographic region of the 
spectrum reveals lines which are the equivalents of those at 49241 
and 5018°6 (Rowland’s scale), which I had previously shown to be 
enhanced in passing from the are to the spark spectrum.* 

Seven additional lines were detected in the photographs at the 
following wave-lengths on Rowland’s scale. | 


4233°3 — 
4508°5 
451 5°4 
4520°4: 
4:522°7 
4549°6 
45840. 


These have been confirmed by a reference to the map of the 
spark spectrum of iron published by Dr. McClean,t and attention 
was drawn to those at 45840 and 4233:3 in my paper on the arc 
spectrum of electrolytic iron. 

All these appear as short lines in the are spectrum, so that the 
view that the short lines which appear in the arc spectrum can be 
divided into two categories, one including the lines which are 
brightened in the spark, and the other the lines which are not so 
enhanced, is confirmed. ? 

Having thus established that there are differences between the arc 
and spark spectrum, and that these differences are not due to the 
difterent quantities of vapour in the two cases, it must be concluded 
that a difference of temperature is the main cause of change. 

Including the flame spectrum then, four distinct temperature 
Stages are indicated by the varying spectrum of iron :— 

(1) The flame spectrum, consisting of a few lines only, including 
the well-known triplets and many strong lines in the ultra-violet. i 

(2) The are spectrum consisting, according to Rowland, of 2000 
lines or more. 


* “Roy. Soe. Proc.,’ vol. 32, p. 204. 
t ‘Monthly Notices R.A.S.,’ vol. 52. 
f ‘Phil. Trans.,’ vol. 185, A, pp. 995, 996. 
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(3) The spark spectrum, differing from the arc spectrum in the 
enhancement of some of the short lines and the reduced brightness 
of others. 

(4) A spectrum consisting of the lines which are intensified in the 
spark. This we can conceive to be visible alone at the highest tem. 
perature in a space efficiently shielded from the action of all lower 
ones, since the enhanced lines behave like those of a metal when a 
compound of a metal is broken up by the action of heat. 

A complete list of the iron lines seen at the different temperatures 
would be too long to reproduce here, so that the following statement 


of intensities is limited to the lines enhanced in the spark. The be. | 


haviour of these lines under the different conditions of experiment 
is aS follows :— 


Lines of Iron which are enhanced in Spark. 
Intensity in 


spark (T). hot sane 
Max. = 10. M ; 
ax 


Wave I free 
length. eee are (K & R) are (L) 
| (Rowland). | **°®™° | Max. =10. | Max. = 10. 


| 
Intensity in| Length in : Intensity in 


\ te = ee SS 


4233° 
4508 ° 
ABI5: 
4520° 
A522 | 
ABAD | 
A584, | 
4924 | 
5018 | 


{ 
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K & R = Kayser and Runge, T = Thalén, L = Lockyer. 
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The are and spark spectra are photographically compared in 
Plate 1. The photographs were taken with an instrument having 
two prisms of 60°, a collimator of 3-in. aperture and 5-ft. focus, and 
a photographic lens of 19 in. focal length. The enhanced lines are 
indicated at the bottom. It should be remarked that the enhance- 
ment of the line at 4233°3 is not clearly seen with this dispersion, 
but it is quite conspicuous in a photograph recently taken in the 
first order spectrum of a Rowland grating of 21 ft. 6 in. radius. 


Calcium. 


I next proceed to consider the results obtained in the case of 
calcium. | | 

Among the chief observations of the spectrum of this metal are 
those made by Thalén, Kayser and Runge, and myself. 

Thalén chiefly confined himself to a study of the spectrum at the 
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temperature of the spark, the observations of Messrs. Kayser and 
Runge have been limited to the are spectrum, while my own investi- 
gations have included all conditions of temperature available in 
laboratory experiments. 

As I showed in 1876,* the most characteristic low temperature 
line is that at \ 4226-9, while the H and K lines are pre-eminent at 
high temperatues. The new work with the spark from the large 
intensity coil and large jars has shown that all the lines recorded by 
Kayser and Runge in the are spectrum appear also in the spark spec- 
trum, but with the exception of H and K, and two lines at wave- 
lengths 370618 and 3737-08, which do not appear to have been 
previously recorded in the spark, they appear with reduced relative 
intensities. | 

These two ultra-violet lines are enormously enhanced in the spark, 
as will be seen on reference to the comparison photograph of the are 
and spark spectra given in Plate 1. 

As in the case of iron, four temperature steps can be recognised. 

(1) The flame spectrum, in which the blue line 4226-9 is predomi- 
nant, H and K, and a few other lines being very feeble. 

(2) The arc spectrum, in which the Hand K lines are of about 
the same brightness as the blue line, while other feebler lines also 
appear. 

(3) The spark spectrum, in which nearly all the lines of the arc 
spectrum are seen, but with reduced intensities, except in the case of 
H and K, which remain very bright, and two lines at 3706:18 and 
3737°08, which are also very bright. 

(4) A spectrum consisting of the two lines at 370618 and 3737-08 
and the H and K lines, corresponding to a temperature higher than 
the average temperature of the spark, as before explained. 


The complete spectra actually recorded are shown in the following 
table (p. 162). 


Magnesium. 


Among other substances investigated in my earlier work was 
magnesium. ; 

I showed in 1879} that in the flame spectrum the two less re- 
frangible members of the b group were seen associated with a less 
retrangible line at 5210, making a triplet with them, while a line | in 
the blue at wave-length 4571°3, and a series, of flutings were also 
seen; on passing the spark, the blue line of the flame disappears, as 
well as the flame companion to 6, while two new blue lines make 
their appearance at wave-lengths 4481°3 and 4703°3. . 

Among the spark lines is one at \ 4481, of which I had previously 


*® © Roy. Soc. Proc.,’ vol. 24, p. 352. 
ft Lbid., vol. 30, p. 22, 
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Calcium. 


Intensity in Enbensity Length in | Intensity in LEARN 


Wave-length. |p. ne Gy Paar arc (L). | spark (1). 


(Kand R.) | wax. —10.|.(£ © B)- | way. 10.| Max. =1 
| .= 10. | .= 10. eS ilOe 
Max. = 10. | 


— eee Se eee 


| 
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K & R = Kayser and Runge, T = Thalén, L = Lockyer. 


written as follows in November 1872:* “ This is a very brillant 
winged line, but it appears short. Thalén makes it of the same in- 
tensity as the two at 4703°5 and 4586°5; but while this is excessively 
bright to me, 4703°5 is faint and 4586°5 invisible.” Taking 6 as 
having a length denoted by 4, I gave the length of this line at 4481 
as 1; I also stated ‘that it was not seen in the spectrum of the 


chloride, although the b group was distinctly seen. The line at 


4481 has not to my knowlege been recorded by any observer as 

present in the arc spectrum, but a recent photograph shows it as a 

rather feeble line in the arc between poles consisting of magnesium. 
* ¢Phil, Trans.,’ 1873, vol. 163, Part 1,'p. 267. 


By (>. 164). 


' the spectra of the stars, the Kensington series of stellar spectrographs 
'in which the dispersion is not greatly different from that of the 
' metallic spectra, has been employed. 

_ Although this discussion has specially dealt with the hottest stars, 
{ it is necessary to include references to the cooler ones in order to con- 
trast the behaviour of the high temperature lines with those which 
) are characteristic of low temperatures, and further to compare the 

“appearances of the lines at different stellar temperatures. 
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Using the large coil and jars, the line has also been photographed in 
the spectrum of the chloride; indeed all the lines recorded in the 
arc by Kayser and Runge have been photographed in the spark 
spectrum of the metal. | : 

The work with the large jars has also resulted in the detection of 
another line of magnesium about wave-length 4395 which does not 
appear in the are spectrum, and the line about 4587-4 observed by 
Mhalén also shows itself feebly. The former of these is fairly bright 
and seems to be closely associated with 4481. | 

Again there are four distinct temperature steps, namely : 3 

(1) The flame spectrum, represented by lines at 4571°3 and b, a 
triplet in the ultra-violet commencing with a line at 3734, and two 
flutings, one commencing at 5210 and the other at 5006°5.* 

(2) The arc spectrum, comprising b, a line at 435218, and another 
triplet in the ultra-violet commencing with 3838°4, 4481 being almost. 
invisible, while 4395 and 4587 are quite invisible. | 
(8) The spark spectrum, including all the are lines, but with 
4481 intensely bright, 4395 fairly bright though short and 4587-4 
rather feeble. | 

(4) As 4481, 4395, and 4587-4 are much intensified in the spark 
spectrum, we can conceive a fourth stage ata still higher temperature 
when magnesium would be represented by these lines alone. The 
complete spectra of magnesium under the three conditions at which 
observations can be made are indicated in the accompanying table 

The arc and spark spectra, as photographed with the moderate 
dispersion to which reference has already been made, are shown in 
Plate 1, the three enhanced lines being indicated as in the case of iron. 
and calcium. 


| JV. AppricaTION OF THE RECENT INVESTIGATIONS To STELLAR QprcTrRa. 


In order to study the presence or absence of the enhanced lines in 


>: 


a Orionis is taken as a typical case of a relatively cool star which 


* Messrs, Liveing and Dewar have ascribed these flutings to compounds of 
“Magnesium with hydrogen and oxygen respectively, but whether they are due to 
“Compounds or to the metal itself is immaterial for my present purpose. 
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Magnesium. 


Intensity | Intensity in 

in spark hot spark 

Cod). (L). 
Max. = 10.|, Max, = 10, 


Intensity 
in are 

(K & R). 

Maxi=)10)\.Max. = 10: 


Intensity 
Wave-length. | “;, game 


(Rowland’s 
scale.) se 


Length in 
are (L). 
Max. = 10. 


eT ES AI? 


3720 es bes 
3724: | ey 
3734 = 
3829 °51 10 (C) 
3832 °46 10 (C) 
10 (C) 


3838 *44. « 
4 (Hl & A) 
ae 


3850 °2 
3856 *2 
4 (H & A) 


3892 °7 
3896 °7 
3987 °08 
4958 °4:5 
4167 *81 
4352 °18 
4395 
4481 °3 
4571 °338 
4587 * 4: 
4703 °33 
4730 °42 
5006 °5 
5167 °55 
s{ sie 87 
51838 °84: 
521() 


2 (L & D) 


lSS5alHaolal larwwn 


fot be 
a ape a — iS 


K & R = Kayser and Runge. 
L = Lockyer.’ 

T = Thalén. 

C = Cornu. 

H & A = Hartley and Adeney. 
L & D = Liveing and Dewar. 


is bright enough to be studied with sufficient precision for our 
present purpose, while y Cygni, « Cygni, 7 Leonis, Rigel, ¢ Tauri, and 
Bellatrix are taken as types of stars at temperatures which increase 
in the order named as determined by a comparison of the extension 


of the spectra. into the ultra-violet in accordance with what has © 


already been stated. 


The lines photographed in the spectrum of each star shown on the © 


map (Map I) are drawn with lengths proportional to their estimated ~ 
intensities, the strongest line in each being represented by a line q 


equal to the full width of the strip devoted to each spectrum. 


The results shown diagrammatically in Map I are further illus- 


trated by actual photographs of stellar spectra in Plate 2.” 
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Map I.—Behaviour of metallic lines in stars of increasing temperature. 


Tron. 


Starting with « Orionis, we find that only two of its more promi- 


- nent lines may coincide with enhanced lines in the region compared. 
As there are so many lines in the spectrum of this star, it is possible 
_ that these may be only chance coincidences, and this ig the more 
| probable since the lines which are most enhanced are certainly 
/ absent. Further, I have already shown* that “the temperature of 


_ the most important iron-absorbing region in & Orionis is nearer that 


_ of the oxy-coal-gas flame than that of the electric arc ; it is probable 


: that the average temperature is intermediate between that of the arc 


"4 


- 


“qj 
} 


and that of the flame, but nearer to the latter.” 


In & Orionis then we have iron represented by low temperature lines 


“Corresponding to a temperature intermediate between the first and 


Second stages. 


* “Phil. Trans.,’ 1898, vol. 184, A, p. 708. 
N 2 
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Passing to y Cygni, the iron lines confirm the idea that the tem- 
perature is higher than in « Orionis. Here the enhanced lines of iron 
are stronger than the arc lines representative of the second stage of 
temperature ; thatis, the temperature is approaching the fourth stage 
(see Map I). | 

In a Cygni, where, to judge by the extension of the spectrum 
towards the violet, the temperature is much higher, the enhanced 
lines of iron are among the strongest in the whole spectrum. At the 
same time, some of the stronger lines of the stage 2 spectrum, in- 


cluding the triplets, also appear, but they are very feeble as compared 


with the lines of stage 4 (see Map [). 
Here, then, we probably have absorbing iron vapour at a tempera- 


ture very nearly approaching the fourth stage. It this result be con. 
firmed, we at once get an explanation of the great differences of 


intensity between the lines in a Cygni which coincide with iron lines, 
and those which appear in the spectrum of iron as observed terres- 
trially with an unshielded arc. 

7 Leonis represents a stage of temperature a little higher than 
that of « Cygni; here the second stage iron lines have disappeared 
altogether, and the enhanced lincs appear alone (see Map I). 

At the higher temperature of stars like Rigel, the enhanced iron 


lines also appear without any trace of the familiar iron spectrum ~ 


typified by the triplets (see Map I), and there seems to be little doubt 
that we are here in presence of iron vapour at a transcendental tem- 


perature corresponding to the fourth stage to which I have drawn 


attention. 

In ¢ Tauri, the iron lines are almost identical with those in Rigel 
(see Map I). | : 

At the still higher temperature of Bellatrix, all visible traces of 
the iron spectrum have vanished from the photographs. 


General Results with regard to Tron. 


The general result of the investigation of the enhanced iron lines 
in stellar spectra confirms the view that the absorbing regions of the 
hottest stars exist at a higher temperature than any attainable in 
laboratory experiments, the spectrum of iron consisting solely of 
those lines which are enhanced in passing from the arc to the spark. 

‘At the same time, some of the lines in the spectra of the hottest 


stars formerly classed as unknown are now shown to be due to 


iron. | 
The fact that even the enhanced lines themselves disappear from 


the spectra of stars approaching, or at, the acme of stellar temperature 


raises another question to which reference will be made later. 
° e e e i 
As I pointed out in a preliminary note on the occurrence of these 
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Jines,* ‘‘the enhanced lines may be absent from the Spectrum of a 
star, either on account of too low or too high a temperature. In the 
case of a low temperature, however, iron is represented among the 
lines in the spectrum, but at the highest temperature all visible 
indications of its presence seem to have vanished. This result 
affords a valuable confirmation of my view that the arc spectrum of 
the metallic elements is produced by molecules of different com- 
plexities, and it also indicates that the temperature of the hottest 
stars is sufficient to produce simplifications beyond those which have 
peen produced in our laboratories.” : | 

The facts which are graphically represented in Map I indicate 
that so far as these stars are concerned the results, with regard to 
stellar temperature determined by a study of the iron lines, are 
identical with those to be gathered from the extension of the radia- 
tion spectrum into the violet. Independently of the extensions of 
spectrum into the violet for different stars, then, the relative tem- 
peratures may be determined by a study of the iron lines. Thus. a 
star, in the spectrum of which iron is represented by traces of ise 
triplets characteristic of the arc spectrum as well as by the enhanced 
lines, must be cooler, so far as the absorbing iron vapour is concerned 
than one in which iron is represented by the enhanced lines albus. 
Similarly, we must conclude that a star in which iron has no repre- 
sentative lines is hotter than one in which the enhanced lines appear 
without the arc lines. In practice the iron lines furnish a much 
more convenient indication of stellar temperature than the continuous 
spectrum, for the reason that in the case of iron no special photo- 
graphs are necessary, while for an investigation of the continuous 
spectrum special photographs of stars with very carefully controlled 
exposures have to be taken. 


Caletum. 


The calcium lines in the spectrum of « Orionis indicate that whe 


have in that case a temperature not greatly differing from that of 
the second stage; the blue line which is characteristic of low 


temperature, as well as H and K, being very strongly developed (see 
Map I). | 

On passing to the stars of successively higher temperatures which 
have already been studied in the case of iron, it wili be seen from’ 
Map I, that the blue line has disappeared at the temperature of 
a Cygni, while the H and K lines persist with gradually reduced 


intensities up to the hottest stars. The intensities of the Hand K 


lines as compared with the blue line fully bear out the results as to 
the order of temperature of the stars which has been derived from a 


* © Roy. Soc. Proc.,’ vol. 60, p. 475. 
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comparison of the continuous radiation spectra, and also from the 
appearances of the iron lines. Unfortunately, the Kensington photo. 
graphs of stellar spectra which have so far been obtained do not 
extend far enough into the ultra-violet to permit a complete investi. 
gation of the varying appearances of the two ultra-violet enhance 
lines to which I have called attention in an earlier part of this 
communication. Both of them appear in the spectrum of Siriug, 


however, which is certainly a hot star, though not one of the 


hottest. 


Still the facts are sufficient to show that although H and K appear | 
in some of the stars without any traces of the other calcium lines, 


there can be no hesitation in accepting them as due to calcium, ag 
in all such stars a very high temperature is independently indicated 


by the great extension of the continuous spectrum into the ultra. a 


violet and by the iron lines previously discussed. 


Magnesium. 


Magnesium furnishes us with very definite indications ot the four — 


stages of temperature, and the discussion of its representative lines 
in stellar spectra is therefore very important. 
In « Orionis, the b group is strongly developed, while 4481 ig 


absent. In the map, the ultra-violet triplet commencing with 3834 is. | 


taken as typical of the second stage spectrum, but the photographs of 
the spectrum of « Orionis which have been obtained do not extend 
far enough to enable the presence or absence of this triplet to be 
aseertained. Another line, at 43852'2, which appears at the second 
stage of temperature is, however, probably present in » Orionis. 


The flame line 4571°3 is also present,* and I have also shown the j 


probable presence of the two flutings of magnesium in the spectrum 


of « Orionis and similar stars.¢ In « Orionis, then, the most effective ~ 
absorbing magnesium vapour is at a temperature not greatly © 
different from that of the flame, but the presence of 4352°2 indicates ~ 
that the temperature must be slightly greater. It is important to ~ 
remember, however, that on the meteoritic hypothesis, different parts 
of such a swarm as a Orionis may have widely different temperatures, — 
as some of the collisions may be end-on while others may be mere ~ 
grazes, so that a mixed spectrum of high and low temperature lines — 


might be expected. 


Taking y Cygni, as before, to be considerably hotter than « Orionis, 7 
as indicated not only by the length of continuous spectrum but by ~ 
the iron and calcium results, there is a considerable change in the © 
lines representative of magnesium. The fiutings have quite dis-— 
appeared and the spark line at 4481 appears as a well-marked line. 7 


* ¢ Phil, Trans.,’ 1893, vol. 184, A, Plate 28. 
ft ‘ Roy. Soc. Proc.,’ vol. 44, p. 54. 
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Come of the arc lines, including 4352°2 and 4.167°8 remain, go that in 
the absence of a record of the ultra-violet triplet, it may be concluded 
that the absorbing magnesium in y Cygni is probably at a tempera- 
ture not differing greatly from that of the spark, that is the third 
stage of temperature. ‘The wave-length of the new spark line about 
4395 is not yet known with sufficient accuracy, on account of its 
great breadth, to justify its use in this inquiry. The actual appear- 


‘ance of the magnesium lines in y Cygni thus confirms the conclusion 


with regard to the temperature of this star which has already been 
derived from the discussion of the lines of calcium and iron. 

In the case of « Cygni the most prominent magnesium line is the 
spark line at 4481. The 6 lines, the ultra-violet triplet commencing 
with 3838'4, and the line 4352°2 are also present, while 4571°3 and 
4167°8 are absent, or very feeble. The great inten sity of 4481, which 
ig only a short line in the spark, indicates that the temperature is, 


in all probability, a little higher than that of the experimental spark, 


that is, intermediate between the third and fourth stages. 

_ Passing to 7 Leonis, 4481 is a little less intense than in « Cygni, 
while the line at 4852 is considerably reduced in intensity aS com- 
pared with « Cygni. A temperature a little higher than that of. 
w Cygni is therefore indicated. 

In Rigel, where the temperature is higher than in 7 Leonis, 4481 
is one of the few strong lines recorded in the spectrum, and it 
appears without the other Mg lines. 

The same is true of ¢ Tauri and Bellatrix, except that 4481 is now 
reduced in intensity. These varying appearances are indicated in 
Map I. : | | 

The study of magnesium thus perfectly accords with what we have 
learned as to relative stellar temperatures from a discussion of the 
lines of iron and calcium. 


General Results with regard to Calciwm and Magnesium. 


Map I indicates that in the case of the stars so far discussed, the 


same order of temperature is arrived at by a consideration of the 
lines of calcium and magnesium as that deduced in the first instance 


from the relative lengths of continuous spectrum, and afterwards by 
an inquiry into the presence of the enhanced iron lines. Four indica- 
tions of stellar temperatures are therefore now available, namely, the 


"extent of the continuous radiation, the lines of iron, the lines of 


calcium, and the lines of magnesium. Ss. 
The enhanced lines of calcium and magnesium, unlike those of 


iron, do not disappear from the spectrum in the case of the hottest 


Stars yet studied, but they become very feeble, sc that an approach 


: to disappearance is indicated. 
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V. On THE OccURRENCE oF THE Lines oF THE CLEVEITE GaAsEs ayp 
or Hyprogen in THE Horrest Stars. 


Important Position of the Cleveite Gases. 


So far I have considered the high temperature lines of certain 
metallic elements, and their comparison with lines existing in the 


stars. It is now important to refer to the permanent gases, which . 


we now know to exist, both in stars and nebule. I refer to hydro. 
gen and the cleveite gases. These appear in the stars which, on the 
grounds previously stated, I hold to be of highest temperature, and 
for this discrimination we can rely better on the cleveite gases than 
on hydrogen, for the reason that the latter is much more widely 
distributed gud temperature. There are not many groups of starg 
which do not indicate the presence of hydrogen, while, on the other 
hand, the cleveite gases only occur conspicuously in one. 

It is impossible to over-estimate the importance of the discovery of 
terrestrial sources of helium and the gas I have provisionally named 
gas X* in its bearings upon the spectra of the hotter stars, since it 
explains many of the strongest lines in such spectra, as I showed in 
papers communicated to the Royal Society on May 8 and May 9, 
1895.7 : | . 

Professor Vogel arrived, afterwards, at the same conclusion.t | 

Thus a considerable number of the stellar lines was removed from 
the category of ‘‘ unknown lines.” , | 


Varying Intensity of the Cleverte Lines. 


Tf the varying intensities of the helium lines are studied in the 


case of the stars which have so far been considered, it is found that — 


the lines become stronger as the temperature increases. Thus, from 
the merest trace in 2 Cygni the lines of helium are gradually intensi- 
fied in passing through 7 Leonis, Rigel, ¢ Tauri, and Bellatrix, 
which, as we have already seen, are in order of increasing tempera- 
ture. This is illustrated in Map II, which also shows the behaviour 
of the lines belonging to that constituent of the cleveite gases which 
I have provisionally called gas KX. 


Varying Intensity of the Lines of Hydrogen. 


The lines of hydrogen make their appearance at'a much lower 
stage of temperature than those of the cleveite gases, but, like the 


* For greater clearness in the sequel, and because the lines of helium are 
stronger than those of gas X, I shall often refer to helium alone. : 

t ‘Roy. Soc. Proc.,’ vol. 58, pp. 114, 117. 

t ‘ Berlin Sitzungsberichte,’ October 24, 1895. 
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Map II.—Behaviour of lines of cleveite gases in stars of increasing temperature. - 


helium lines, they steadily increase in intensity up to the highest 
temperature in the case of the stars already discussed. At all stages 
where the lines of helium and hydrogen appear together, the hydro- 
gen lines are the stronger, so far as our present information goes, but 
they do not reach their maximum intensity in any of the stars we 
are now discussing. 


‘VI. Comparison oF THE Meratuic Resunrs with THOSE GIVEN BY THE 
CLEVEITE GASES AND Hyprocen. 


The Olevertte Gases. 


Dealing with the stars already considered, a comparison of the 

metallic and cleveite gas lines indicates that as the former die out 
the latter are strengthened. 
_ The cleveite gas absorption first makes its appearance, very feebly, 
in the stars in which the enhanced lines of magnesium and iron are 
strongest, as in a Cygni. Then, as the temperature increases, as 
demonstrated by the expansion into the ultra-violet of the continuous 
Yadiation, the lines of the cleveite gases become stronger as the 
metallic lines thin out. 

At the highest temperature, taking Bellatrix for the present as a 
‘“ypical. case, the principal helium lines are almost as strong as the 
dines of hydrogen, while the enhanced lines of iron have quite dis- 
@ppeared, and those of magnesium and calcium nearly so. These 
variations are indicated in Map III. 
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Map III.—Comparison of metallic lines with lines of cleveite gases in stars af’ 
increasing temperature. 


Tt will be seen from the map that there is a perfect continuity both 
in the case of the metallic and the cleveite gas lines, and that in 
those stars where the separate investigations of the metallic and gas 
lines overlap, the same arrangement lof stars results in both cases, 
but there is a complete inversion in the behaviour of the gas as compared 
with the metallic lines. We seem to be in presence of a chemical 
change, iron being finally replaced by helium. 


Hydrogen. 


The dark lines of hydrogen make their appearance in stars of 
comparatively low temperature, such as « Orionis, in which the 
second stage metallic lines are very strong. In these stars the 
hydrogen lines are thinner than some of the metallic ones. 
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With increased temperature, in the case of the stars so far con- 
sidered, the lines of hydrogen steadily increase in intensity up to the 
highest temperature, as typified by Bellatrix. Meanwhile, as we have 
geen, the second stage metallic lines gradually thin out, while the 
enhanced lines become stronger up to the temperature of « Cygni, 
and ultimately all the lines of iron have disappeared, and magnesium 
and calcium are only represented by traces of their enhanced lines. 

When the lines of the cleveite gases first become visible, as in 
g Cygni, the lines of hydrogen have already become the strongest in 
the spectrum, but at still higher temperatures, the intensification of 
the lines of hydrogen is less rapid than that of the lines of the 
cleveite gases. In none of the stars now considered do the hydrogen 
lines reach their maximum development, as stated before. This 
point will be considered later on. 


Vil. Tue Temperature RANGES OF THE METALLIC AND OLEVEITE 
Gas Livzs, 


Since there are regular sequences in the intensities of both the 
metallic and cleveite gas lines in passing through stars of gradually 
increasing temperature, it is important to compare the behaviour of 
the lines of the different substances between the limits of the 
temperature range I have chosen for discussion. 

The metallic lines characteristic of the fourth stage of tempera- 
ture behave differently in the case of different metals, although all 
the comparisons have led to the same general conclusion with 
regard to the temperature of the absorbing vapours in any particular 


star. 


The Lower Limit in the case of the enhanced Metallic Lines. 


In the case of calcium, the enhanced lines, namely H and K, appear 
faintly at the temperature of the oxy-hydrogen flame (Stage 1), and 
are_strongly developed at the are temperature (Stage 2). The 
appearance of H and K as strong lines in & Orionis is therefore to be 
expected. 

Inthe case of iron, the enhanced lines do not occur at all at the 
first stage of temperature, and only very feebly at the second. They 
would therefore not be expected at the low temperature of « Orionis, 
and, as amatter of fact, unlike H and K they first appear as well 
developed lines in « Cygni. 

Magnesium behaves almost exactly like iron in regard to its 
enhanced line (4481), since, absent from « Orionis, it Sep EanS aS & 
prominent line in « Cygni. 
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The Upper Limit in the case of the enhanced Metallic Lines. 


A somewhat similar difference of behaviour is noted. when the 
phenomena at the higher temperature limit are studied. The 
enhanced lines of calcium and magnesium do not quite vanish even 
when the temperature of Bellatrix is reached, but they become very 
thin. With iron the case is different; the enhanced lines vanish 
entirely in Bellatrix, and are very much thinner than the enhanced 
lines of calcium and magnesium in the spectrum of Rigel. 

From this it will be seen that H and K appear even at the first 
stage of temperature, and survive up to the upper limit of Stage 4,, 
The magnesium line, 4481, does not appear until the third. stage of 
temperature is reached, but survives to the upper limit of the fourth 
stage. In the case of iron, the enhanced lines, like that of magnesium, 
do not appear until the third stage is reached, but, unlike it, they do 
not survive the upper limit of the fourth stage. 


The* Oleveite Gases. 


The lines of the cleveite gases do not appear in stellar spectra 


until the temperature is high enough to exhibit the enhanced lines of 


magnesium and iron with their greatest intensity. At this stage the 
gas lines appear only very feebly, but, unlike the metallic lines, they 
gradually increase in intensity up to the highest temperature, ag 
represented by Bellatrix. 

The range of the cleveite gas lines is therefore shorter than that of 
the enhanced lines of iron and magnesium, and the order of intensity 
is Inverted. 3 oe 

It is important to note, and I shall return to this point, that while 
the cleveite gases are represented by absorption lines in the spectra of 
the hotter stars only, hydrogen gives visible indications of its presence 
in stars at nearly all stages of condensation. 


General Conclusions. 


These observations indicate individual peculiarities of the spectra 
of the different substances. Some appear to be longer lived than 
others, and, further, the important spectral changes in the case of 
different substances do not occur at the same temperature 
The differences of behaviour in the case of the enhanced 
lines of iron, magnesium, calcium, hydrogen, and the’ cleveite 
gases are illustrated diagrammatically in Map IV. It will be 
seen from the map that there are two substances with a long range, 
calcium and hydrogen, the former being succeeded by the latter as 
the temperature increases; one of intermediate range, magnesium, 
which remains visible up to the highest temperature, and two of 
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Map IV.—Temperature ranges of different substances. 


shorter range, iron and the cleveite gases; the enhanced lines of the 
former being interpolated about half way up the long stages of 
calcium and hydrogen, and the lines of the cleveite gases near the top. 

The map also indicates the relative temperatures at which the 
changes in the spectra of different substances take place. 

With special regard to iron, it may be noted that the fundamental 
change in its spectrum occurs at about the temperature of « Cygni, 
while the enhanced lines of calcium are unaffected at that tempera-. 
ture. 


VIII. Inversion or tHe Puenomena on. Cooutne In THE GASE OF 
THE Mertanuic anp Chtveite Linas. 


The Temperature Curve. 


In my previous investigations, both visual and photographic, of 
stellar spectra, I was led to conclude, in opposition to Vogel’s view, 
that some stars are becoming hotter, while others are becoming 
cooler.* 3 | 

I first suggested a temperature curve in 1887,f on the left side of 
which are placed stars of increasing temperature, while the cooling 
stars occupy the right hand side, the highest temperature occupying™ 
the highest part of the curve. 

* “Roy. Soc. Proe.,’ vol. 48, p. 145; ibid., vol. 45, p. 309; ‘ Phil. Trans.,’ A,. 
vol. 184, p. 709. 

tT ‘Roy. Soc. Proc.,’ vol. 48, p. 144. 
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The evidence for this separation of the stars into two serieg 
depended partly upon differences in the spectra of stars which, it 


was thought, from other considerations, had about the same mean 


temperature. JI showed that some of the principal stars might be 
arranged as follows, in order of ascending temperature, the hottest of 
hem being placed at the top of the list, 


Bellatrix, 
Rigel, 

a Cygni, 
Y Cy en, 
a Tauri, 
az Orionis, 


and that there were other cooling stars besides our sun, some of 
which could also be arranged in the following order of descending 
‘temperature.* 
: Sirius, 

8 Arietis, 
Procyon, 
Capella, 
Arcturus (Sun). 


Arcturus is bracketed with the sun, because I have shown that its 
spectrum is like that of the sun, line for line. 


The later discussion of the Kensington photographs of stellar spectra . _ 
fully justified the classification of stars suggested by the previous 


inquiry into the visual spectra, and the general view that there are 
bodies of increasing as well as bodies of decreasing temperature 
was also greatly strengthened. 


Metallic Results, Descending. 


In what has gone before, I have dealt only with stars of increasing 
temperature, and more particularly with those near the top of the 
temperature curve. 

I now pass to the discussion of those stars which the previous 
investigations indicated to be cooling bodies. 

The stars included im the inquiry are as follows, the coolest being 
placed at the bottom of the list, Bellatrix, for the present being 
‘taken as representative of the hottest stars :— 


* ‘Phil. Trans.,’ vol. 184, A, p. 709. 
+ Ibid., vol. 184, A, p.-699. 
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Bellatrix, 
B Persei, 
y Lyre, 
Sirius, 
Castor, 
Procyon, 
Arcturus. 


Map V indicates the variations of the metallic lines in this series of 
stars, and it will be seen that at the highest temperature magnesium 
and calcium are represented by their enhanced lines alone; with a 
fall of temperature the enhanced lines of iron are next added, and, 
later, the arc lines of all three metals; at the lowest temperature, 
the enhanced line of magnesium eer while those of iron are 
either absent or very weak; the enhanced lines of calcium, on the 
other hand, being relatively be ong in the arc, remain. 
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_ Map V.—Behaviour of metallic lines in stars of decreasing temperature. - 
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These phenomena are illustrated in Map III by photographs of 
the spectra of typical stars. 

The facts recorded in the photographs of each star are as follows :— 

Starting with Bellatrix, magnesium is solely represented by the 
enhanced line at 4481, which is relatively feeble, calcium by the 
H and K lines, also feeble, while there are no indications of iron 
at all. 

Passing next to # Persei, 4481 and the H and K lines are in. 
tensified, while the enhanced lines of iron are added. 

In y Lyre, all the enhanced lines of magnesium, calcium, and iro 
are strengthened. 

A further intensification of the enhanced lines occurs on passing to — 
Sirius, but here the characteristic arc lines of all three substances are 
added, indicating a temperature intermediate between that of the — 4 " Mar Vi.—Behaviour of lines of cleveite gases in stars of decreasing temperature. 
experimental spark and that at which the enhanced lines appear ~ | 
alone. 

With a further slight fall of ae poratacs, Hege tea by Castor, 
the enhanced lines become slightly stronger, as ; do also the charae- 
teristic arc lines. 

At the still lower temperature of Procyon there is a marked 
increase in the intensity of the characteristic arc lines and a decrease 
in the intensity of the enhanced lines, except in the case of H and K, 
which, as already pointed out, are strong lines in the are. 

Finally, at the temperature of Arcturns, or the sun, the enhanced 
lines of magnesium and iron are either very faint or entirely absent, 
while H and K remain visible for the reason already stated, and the 
arc lines of all three metals become very strong. 
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Clevette Gas Results. ee 


The appearance of the lines of the cleveite gases in the stars of 
decreasing temperature already considered is restricted to 6 Persei 
and y Lyre. An attempt is made to show their changes of intensity 
in Map VI, which also includes Bellatrix as representative, for the 
present, of the highest temperature. 
Starting with Bellatrix, the lines of the cleveite gases are very 
strong, while, on passing to the cooler stars, they rapidly become 
weaker, as the enhanced metallic lines continue to get stronger. In 
fact, the lines of the cleveite gases disappear at a comparatively early 
stage, long before the absorbing metallic vapours are cool enough to 
show any traces of the characteristic arc lines. : 
In f Persei, as shown on the map, the cleveite gas lines are much 
weaker than in Bellatrix, while in y Lyre they are on the verge of | 
disappearance. No certain indications of the cleveite gas lines have ~ > Mar VII.—Comparison of metallic lines With Lnes'of cleveite gases in stars of 


been found in Sirius, Castor, Procyon, or Arcturus. A special search j 4 decreasing temperature. 
WOW. LX. 5 
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for the D, line in the spectrum of Sirius was made by Mr. Fowler a . 


December, 1893, but the line was not seen in this star, although i | 


was recorded in the spectrum of Bellatrix.* q 
So far as they go, then, the gradually disappearing lines of tha 


cleveite gases indicate the same order of temperature as that detep _ 


mined from the gradual appearanve of the metallic lines as showy i” 
Map VII. 


IX. On THE ABsorBING Conpitions on tHE Upward AND Downwagy 
SIDES OF THE THMPERATURE CURVE. | 
Temperature Order of some of the Hottest Stars on the two Sides of the 
Temperature Curve. 
Utilising the new criteria which have now become available, Some 
of the brighter stars may be arranged as follows, those on the same 
horizon being of equal temperature. 
These criteria, however, do not enable us to classify minutely the 
stars which fall near the top of the curve, so, for the present, 9 
certain number which must be afterwards separated, are grouped 
together. - 

The stars which have been included in the maps are 1n italics, 

‘Increasing Temperature. Decreasing Temperature. 
(Bellatrix, ¢ Orionis, n Urse Majoris, A Tauri, y Pegasi). | 
2 Tauri. | 8B Perset, 8 Cygni, « Pegasi, a Andro. 
| mede, a Coron, y Urse Majoris, ~ 
{ 


Rigel, B Tauri, y Lyre. 
n Leonis, a Canum Venaticorum. 


re Cygni. 


Sirius, Vega, y Geminorum, 5 Leonis, 
B Urse Majoris, « Urse Majoris. 


Castor, 8 Arietis, a Cephei, « Aquile, 
0 Cassiopeize, 8 Cassiopeie. 


y Cygni, 5 Cephei, Polaris, a Persei, 
¢ Geminorum. 


Procyon. 


« Tauri, ¢ Pegasi, y Andromede, « Vir- Arcturus (Sun), « Arietis, 8 Gemino- 
ginis. rum. 


a Orionis, B Pegasi. 


* ¢Phil, Trans.,’ vol. 186, A, p. 85. 
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The Absorptions not Identical. 


4 Barly in my researches I pointed out* that the absorption pheno- 
i, in stellar spectra need not be identical at the same mean 
jemperature on the ascending and descending sides of the curve, 
< nce, on the meteoritic hypothesis, there must be a tremendous 
aifference in the physical conditions. 


) In a condensing swarm, the centre of which is undergoing 


a eteoritic bombardment from all sides, there cannot be the equi- 


DP yalent of the solar chromosphere; the whole mass is made up of 
4 eterogeneous vapour at different temperatures, and moving with 


different velocities in different regions. 

| Ina condensed swarm, of which we can take the sun as a type, all 
jection produced from without has practically ceased ; we get rela- 
: ively @ quiet atmosphere and an orderly assortment of the vapours 
fom top to bottom. But still, on the view that the differences in 
the spectra ot the heavenly bodies chiefly represent differences in 


) degree of condensation and temperature, there can be, au fond, no 


ereat chemical difference between bodies of increasing and bodies of 
decreasing temperature. Hence, it is exceedingly probable that at 
egual mean temperatures on opposite sides of the temperature curve, 


‘this chemical similarity of the absorbing vapours will result in many 
‘points of resemblance in the spectra. 
| The identical behaviour of the enhanced metallic and cleveite 


fines on both sides of the curve shows us that we have here a pre- 
yiously undreamt-of test to apply to this question, and it is impor- 
tant to make sure of this ground before I proceed to apply it to others 
opened up and rendered clearer by the new investigations. 


The New Criteria. 


' With the photographs at présent available, the test can be applied 


jt three stages of temperature, the stars of equal mean temperature 


being determined by the relative intensities of the enhanced and arc 
metallic lines. When several stars of the same mean temperature 
are thus brought together, it soon becomes evident that they are 
divisible into two groups, which differ considerably in other respects. 


fo take one instance, the average temperature of the absorbing iron 


va pour is about the same in e Pegasias in Arcturus, since the spectro- 


scopic difference between these stars, so far as the line spectra are 
Concerned, is very slight. But the continuous absorption in the 


violet 1s much greater in « Pegasi than in Arcturus, while the metallic 
mes are also somewhat broader. The difference between the stars, 
iherefore, does not appear to be due alone to a difference of temperature. 


* “Roy. Soc. Proe.,’ vol. 44, p. 26. 
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Applying this method of separation, some of the typical starg Pive : 


on the maps exhibit the following characteristics, those of equa] toni 
perature, as determined by the metallic lines, being placed oy thal 


same horizon. 
Ascending Arm. Descending Arm. 
y Lyre :-— | 
1. Continuous spectrum probably q 
little longer than in Rige], © ~ 
2. Hydrogen lines very thick, 
3. Metallic lines weak and thin. 


Rigel :— 
1. Long continuous spectrum. 


2. Hydrogen lines moderately thick. 

3. Metallic lines of moderate inten- 
sity and thickness. 

Cleveite gas lines of moderate in- 4, Cleveite gas lines very weak. 


tensity. 


Castor :— j 
1. Very little continuous absorption 
in ultra-violet. q 

2. Hydrogen lines relatively Very 
thick. a 

3. Metallic lines of moderate inten- 3. Metallic lines relatively feeble 


o. 
i 


y Cygni :— 
1, Considerable continuous absorp- 
tion in ultra-violet. 
2. Hydrogen lines relatively thin. 


sity. 


Arcturus :— ) 
1, Little continuous absorption jj 
violet. q 

2. Metallic lines of moderate thigh. 
ness. 


& Pegasi :— 
1. Strong continuous absorption in 
violet. 
2. Metallic lines thick. 


General Conclusion as to Spectroscopic Differences on the Two Sides of 
the Curves. { 


The facts thus brought together indicate that at each of three very 
distinct stages of temperature there are two groups of stars showing 


| 


spectroscopic differences. Generalising from these, it may be stated 
that stars at about the same temperature, as judged by the iron lings 
on the ascending side of the curve, differ from those on the descend; ng 


side. : \ 
(1) In the greater continuous absorption in the violet or ultra 
violet, especially at the lower stages of temperature. 


? 


(2) In the relative thinness of the hydrogen lines at the higher 
stages of temperature. | ; 


(3) In the greater intensity and thickness of the metallic lines, 


whether of low or high temperature. : 
(4) In the relatively greater thickness of the lines of the cleveltt 
gases at those stages of temperature in which they appear. i 
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| j The probable Physical Causes of the Differences. 


4 submit that the differences found are precisely those we should 


pect on the meteoritic hypothesis. I deal with the differences 


"aicated servatum. 


The Inequality of the Continuous Absorption.—I have already 


Fnted out that in the case of a swarm there must always be cooler 


“pours mixed with the hotter ones in the most valid absorbing 


Boions. It is these cooler vapours which produce the absorption in 
4 violet and ultra-violet. 
“Tn a condensed mass of vapour they can only exist at the limit of 


e atmosphere where their absorption is reduced in consequence of 


e low pressure. | 
¥. The smaller thickness of the Hydrogen Lines.—The difference in 


hickness of the hydrogen lines ig also sufficiently accounted for b 
he difference of absorbing conditions, In the stars of ee 
emperature, consisting of uncondensed meteoritic Swarms, the inter- 
08 ces will be largely occupied by hydrogen at a high temperature, 
and the radiation of this gas will tend to mask the absorption a 
Inced by that in the immediate neighbourhood of the neeuneee: 
meteorites which merely graze. In the condensed stars with photo- 
pheres, any masking effect of this kind must be very much less pro- 
anced, so that the hydrogen lines will be broader than in Pe 
pectra of uncondensed swarms. I have shown in a previous part of 


is paper that the hydrogen lines are more constant, in regard to 
eir intensities, than the lines of other substances in the stars of 
reasing temperature, and this greater life of the hydrogen mole- 


ile seems to explain the fact that the hydrogen lines are Specially 


eked out after passing to the downward side of the temperature 


01 rve when a state of quiescence is reached. 
nlt should be remarked that the great distention of the hydrogen 


es in the hotter stars which have begun to cool does not necessarily 
dicate a great thickness of absorbing hydrogen, since, in the cage 


Pthe sun, the very broad H and K lines are produced by an absorb- 


3 Tegion of small thickness in comparison with the sun’s diameter 
» The greater thickness of the Metallic Lines.—In the case of : 
rm, the thickness of the effective absorbing gases and vapours in 
: ine of sight will be very much greater than the effective thick. 
8s In the case of an atmosphere surrounding a photosphere, even jf 
| wsses and average temperatures be the same in both eos The 
~" Proceeding from the central parts of the swarm must ass 
rough the whole depth of vapours filling the interspaces Pa on 
»°°count the absorption lines would be more intense in the case of 
warm. The greater intensities, and to some extent the breadth. of 


Metallic lines, are thus explained, for since the metallic vapours 
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will not fill the interspaces to the same degree that the hydrogen dogg . 
there will be no masking of the dark lines by radiation. a 


4. The Widening and Thinning of certain Lines.—In consequence of 


the great difference of velocity and direction of the meteorites enter, 
ing a swarm, the spectrum lines involved will in general be broadep : g 
and therefore dimmer, so far as this cause is concerned, than in Stang { 
where bombardment has ceased. Such a broadening was specially | 
noticeable in the spectrum of Nova Aurige, as I pointed out ip all 
paper communicated to the Royal Society on February 11, 1892 .* : 

The conditions, however, may vary considerably in different Cases 


according to the character of the parent nebula. In the case of q 


swarm which originally had a spiral structure, the chief Movement - 
will be very similar to one of rotation; if the axis of rotation bel 
directed towards the earth, such a movement will produce little or 
no effect on the widths of the lines, but if the axis be not so placed, 
different amounts of broadening would be produced, according to the 
inclination and radial velocity. In these cases, lines which would bell 
sharp at the edges when there was no movement, would remain 


sharp at the edges when broadened and dimmed. 


When the original nebula was of less regular form, the influx of. 
meteorites towards the centre will take place in a greater varlety of 7 


directions, so that the broadening effects will be less regular. 


- Actions of this kind, in addition to those already referred to in 34 
are probably to some extent responsible for the generally greates | 
breadth of the metallic lines in bodies of increasing temperature ag _ 
compared with those in cooling stars of the same mean temperature, — 
 ¢ Tauri is an interesting case in point. While the lines of 
hydrogen are quite sharp and not very broad, those of the cleveite 
gases are greatly distended and relatively dim. In this case, there. 
fore, it would appear that the cleveite gases are more involved than | 
hydrogen in the highest temperature collisions. In 6 Lyre, also, 
the bright lines of the cleveite gases are more intense than those of 
hydrogen, and here we have another indication that these gases are. 
among those chiefly involved in the spectral phenomena at the 
highest temperature ; further, there is direct evidence that there are 


at least two bodies in the system of £ Lyre, and the variability is 


probably due to collisions between the outlying meteorites. a 
It may, on the other hand, be that the lines in the spectra of some 
cooling stars may be broadened as an effect of totation, as suggested 


by Professor Pickering in the case of « Aquile. My own photo- 


graphs show that the spectrum of this star is almost identical with 
that of 8 Arietis, except that all the lines are broadened. In this 
and similar spectra, such as « Ophiuchi and « Cephei, the broadening 


is accompanied by a reduction in intensity. 
* «Roy. Soc. Proc.,’ vol. 50, p. 434. 


iif 
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3 = 5. The greater thickness of the Lines of the Clevette Gases.—The. 


j ction which produces the lines of the cleveite gases, whatever it be, 
val commences shortly before the highest temperature is reached, 
nd the importance of helium in the spectrum Srows very quickly. 
‘When the action has ceased, the helium lines rapidly lose their 
im portance, whilst the absorbing hydrogen continues for some time 
4o become more elective. 
' The complete discussion of these differences cannot be under. 


Pjaken until the criteria for stars at the apex of the temperature 
y purve have been further investigated. 


px. Are we in Presence or tHe Hicuesr Srertar Temperarurns ? 


I have shown in § IV that our highest terrestrial temperatures only 
“carry us up to a temperature approximately represented by y Cygni. 
' We have no right to assume that the smal] number of stars as 
yet studied put us in presence of the highest stellar temperatures. 

' In the present communication I have of set purpose left on one. 
‘side for future treatment those stars which apparently are at the 
‘yery apex of the temperature curve, for the reason that in these 
"stars we are involved in unknown lines. These require a special 


) study; other stellar photographs have to be examined, a work 


which will require Some time, and new photographs have to be taken. 
' Inall probability, among the stars already known there are others 


| besides Bellatrix which are hotter than ¢ Tauri and Rigel, as deter- 


“mined by the continuous spectrum and by the metallic lines in the 


» way already explained ; although the known gas lines are of nearly 
, similar intensity, these stars show distinct differences among them- 

- selves, and other criteria for their arrangement in order of tempera- 

» ture must, therefore, be looked for. 

» «At this stage the only remaining known metallic lines are prob- 
ably magnesium 4481, and the K line of calcium ; these, however, 


pare so feeble that their variations are too much dependent on the. 
quality of the photographs to be trustworthy criteria, and the same 
Wemark applies also to the measurement of the extension of the 
“Spectrum into the ultra-violet. There are, however, several lines, as 
‘yet of unknown origin, which are strong in some of these stars and 
Weaker in others, and the appearances of these afford useful criteria 
for classifying these stars. But, before we attempt to use these 
ines to see whether any higher temperature than that of Bellatrix is 
; Indicated, it is important to consider whether we are justified in 
Tegarding these unknown lines as gaseous instead of metallic. Thig 


“Question is now being studied, and until it is settled it is not wise to 


avtempt to discuss the upper temperature limits of those substances, 
‘Such as hydrogen and the cleveite gases, the lines of which increase 
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in importance with the increase of stellar temperature in the stars | 
have so far discussed. oa 
For instance, if such hotter stars were found we might expect that — 


either hydrogen or the cleveite gas lines would thin out and then 
disappear first, as the iron lines thin out in Rigel and disappear jy) am 


Bellatrix, and that they would be replaced by other lines. 


As a matter of fact, the hottest stars under discussion do contain ' & 


other lines besides those of hydrogen and the cleveite gases. 


XI. Bearing or tHe New Resvtts on tHE Dissoctation 
HYPortuHeEsIs. 


§ 1. Historical Statement. 


It was in 18783 that I first called the attention of the Society to them 
very remarkable facts which had been even then got together regard. _ 
Referring 7 
more especially to the classification of stars by Rutherfurd ang — 


ing the possible action of heat in the sun and stars. 


Secchi, I wrote as follows :—* 


“TI have asked myself whether all the above facts cannot be | 
grouped together in a working hypothesis which assumes that in | 


| 


the reversing layers of the sun and stars various degrees of ‘ celeg. ’ 


tial dissociation ’ are at work, which dissociation prevents the coming | 


together of the atoms which, at the temperature of the earth and at 


all artificial temperatures yet attained here, compose the metals, the 


metalloids, and compounds.” 


Subsequently in a private letter to M. Dumas, who took the : 
keenest interest in my solar work, I wrote, “Il semble que plus une © 


v 


étoile est chaude plus son spectre est simple.” 


I also pointed out the close relation of hydrogen to calcium, 


magnesium, and other metals (it was on this ground that I had © 


named the substance which gave D*, which always yaried with 


/ 


hydrogen, helium), and the absence of all other terrestrial gases 
from the solar spectrum. An interesting discussion at the Paris — 


Academy of Sciences was thus concluded by M. Dumas :— | 
“Hn résumé, quand je soutenais devant l’Académie que les 


éléments de Lavoisier devaient étre considérés, ainsi qu’il avait établi 


lui-méme, non comme les éléments absolus de l’univers, mais comme — | 
les éléments relatifs de Vexpérience humaine; quand je professais, 


il y a longtemps, que V’hydrogéne était plus prés des métaux que de 


tonte autre classe de corps; j’émettais des opinions que les décou- 
vertes actuelles viennent confirmer et que je n’ai point 4 modifier 


aujourd’hui.’’+ 


* ‘Phil. Trans.,’ vol. 164, Part 2, p. 491 (reproduced in ‘ Chemistry of the Sun,’ 


p. 201). - 
+t ‘The Chemistry of the Sun,’ p. 205. 


¥ 
[ 


il 
7 


‘atoms, like or unlike, at all lower temperatures. 
“will be a combination of more complex molecules as temperature igs 
Yeduced, and of dissociation, therefore, with increased temperature, 
‘there may be no end.”|| 
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At that time (1873) no fluted metallic spectra, with the exception 
of hydrogen, had been recognised, and I stated that my work had 
Biot revealed any.* From that time to the present the area of inves- 
Yjgation has been extended by leaps and bounds: hundreds of 
“ghousands of facts have been accumulated. I propose, therefore, to 
jnquire in this concluding part of my communication whether my 
“early attempt to group the facts available nearly a quarter of a 
century ago still holds good. : 

Before, however, I refer to the results of the new work contained 


q in this memoir, having special reference to the stars, it will be neces- 


“gary t0 give a very hasty sketch of some of the main conclusions 
‘derived from solar research, the more especially since the stellar 


; work was taken up with a view of testing the views arrived at from 


‘a special study of the sun. 
When I began spectroscopic work in 1865, the general idea was 


‘that the spectrum of a chemical substance was one and indivisible— 
that it could not be fundamentally changed by temperature. 


In a paper communicated to the Royal Society} in 1874, I alluded 


to the evidence showing that this opinion was erroneous, and that 
"metals, including hydrogen and, as recently had been shown,t potas- 

) sium and sodium possessed fluted spectra, the line, fluting, and con- 
tinuous spectra indicating different molecular complexities which 
‘could be dissociated by heat and electricity. 


In 1878 I went further,§ and showed that the solar phenomena 


‘could only be explained by assuming that the changes in the various 
© intensities of lines in the line spectrum itself indicated successive 
) dissociations. I pictured the effect of furnaces of different tempera- 

"tures, and I wrote as follows :— 


“It is abundantly clear that if the so-called elements, or, more 


) properly speaking, their finest atoms—those that give us line spectra 
—are really compounds, the compounds must have been formed at a 
very high temperature. 
‘Superior limit to temperature, and therefore no superior limit beyond 
_which such combinations are possible, because the atoms which have 
‘the power of combining together at these transcendental stages of 


It is easy to imagine that there may be no 


heat do not exist as such, or rather they exist combined with other 
Hence association 


* “Phil. Trans.,’ 1878, p. 652, vol. 163, Part 2. 
Tt ‘Roy. Soe. Proc.,’ vol. 22, p. 374, 

{ Ibid., vol. 22, pp. 362 and 376. 

§ Lbid., vol. 28, p. 157. 

i| Zbéd., vol. 28, p. 169. 






































































































































































































































188 Mr. J. Norman Lockyer. 


In the same year I also studied the changes in the line spectra ws 
relation to the changes observed when known compounds wey o 


clusion that the known facts with regard to the changes jy if ( 
spectra “are easily grouped together, and a perfect continuity af 
phenomena established on the hypothesis of successive dissociationg 
analogous to those observed in the cases of undoubted compounds »* 


& 


Special Reference to Solar Work. 


Neglecting the flutings in the extreme red, which are due to ou 
ow1 atmosphere, the only fluting known to exist in the solar Spec. 
trum is one which I ascribed to carbon in 1878.t 5 

Hence the solar work has had mainly to do with line Spectra, 
With regard to these, the following anomalies on the ordinary vie 
are given as specimens of the many which have been recorded. q 

1. Judging by the lines seen in their spectra, the order in which. 
the elements thin out as the cooler parts of the sun’s atmosphere are. 
reached has no relation to their atomic weights, either old or new 
This order is 7 


2. Inversion of intensity of lines seen under different circum. 


stances.t . | 
I showed in 1879 that there was no connexion whatever between 


the spectra of calcium, barium, iron, and manganese and the chromo. 


* 


sphere spectrum beyond certain coincidences of wave-length. The 


long lines seen in laboratory experiments are suppressed, and the 
feeble lines exalted in the spectrum of the chromosphere. In the 


° ° e,e ° : ° | 
Fraunhofer spectrum, the relative intensities of the lines are quite 


different from those of coincident lines in the chromosphere. 4 


3. The simplification of the spectrum of a substance at the tem- 


perature of the chromosphere. To take an example, in the visible 
region of the spectrum, iron is represented by nearly a thousand 
Fraunhofer lines; in the chromosphere it has only two representa= 


tives. 
* ‘Roy. Soc. Proc.,’ vol. 28, p. 179. 
+ Zbid., vol. 27, p..308. 
t Ibid., vol. 28, p. 428. 


sire Lie an : © dis | 
sociated, and after discussing certain objections I submitted the ool 
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4, In sun spots we deal with one set of iron lines, in the chromo- 
sphere with another. 

“5 At the maximum sun spot period the lines widened in spot 
spectra 2re nearly all unknown ; at the minimum they are chiefly 
aie to iron and other familiar substances. 

7 6. The up-rush or down-rush of the so-called iron vapour in the 
a ig not registered equally by ail the iron lines, as it should be on 


_ the non-dissociation hypothesis. Thus, as I first observed in 1880,* 


hile motion is sometimes shown by the change of refrangibility of 
gome lines attributed to iron, other adjacent iron lines indicate a 
state of absolute rest. 

" Jaboratory work without stint has been brought to bear, with a 
yew of attempting to explain the anomalies to which attention has 
1 een directed. 

Tt is desirable to refer briefly to some of the work undertaken in 
yelation to the anomalies in question. 

_ 1. Experiments on calcium to determine cause of inversion of the 
intensities of H and K. Selon 

4 9. Experiments on magnesium to explain the inverted intensities 
of the lines in the Fraunhofer spectrum. : 

' 3. Experiments on iron to explain the Italian observations of the 
ehromosphere which proved the presence of only two lines of iron in 
the part of the spectrum ordinarily observed. 


Some Special Haperiments. 


 Oalcivm.—In 1876 I produced evidence that the working 
i ypothesis that the molecular grouping of calcium which gives a 
Spectrum having its principal line at 4226°9 is nearly broken up in 


) the sun, and quite broken up inthe spark, explained the facts, which 


are that the low temperature line loses its importance and practically 
disappears from the spectrum of the sun, in which H and K are by 


‘far the strongest lines.+ 


_ Isummed up the facts regarding calcium as follows :f ‘We have 
the blue line differentiated from H and K by its thinness in the solar 
Spectrum while they are thick, and by its thickness in the arc while 
they are thin. We have it again differentiated from them by its 
absence in solar storms in which they are almost universally seen, 


| and, finally, by its absence during eclipses, while the H and K lines 


have been the brightest seen or photographed.” | 

pl alterwards attempted to carry the matter further by photograph- 
ps the spectra of sun spots. In all cases H and K lines were seen 
F * “Roy. Soc. Proc.,’ No., 207, 1880. 


t Lbid., vol. 24, p. 352. 
% Lbid., vol. 28; p. 171. 















































































































































































































































190 Mr. J. Norman Lockyer, 


reversed over the spots, just as Young saw them at Sherman, whi | 


the blue calcium line was not reversed.* The oldest of these 
graphs which has been preserved bears the date April 1, 188]. 

The experimental results in the case of calcium, therefore indy 
cated that the cause of the inversion of intensities in the lines og q 


substance under different circumstances is due to the varying degregy 


of dissociation brought about by different temperatures. 
Magnesium.—l have already referred to the results which I obtaineg 4 
in 1879,+ by passing a spark through a flame charged with differeng. 
substances. In the case of magnesium the effect of the higher tem 
perature of the spark was very marked, some of the flame lines being | 
abolished, while two new ones made their appearance, one of them ail 
4481. The important fact was that the lines special to the flame dig. 
not appear among the Fraunhofer lines, while those of the Spark diq 
appear. | 
Here again the experiments pointed to varying degrees of disail 
sociation at different temperatures as the cause of the non-appearance 
of some of the magnesium lines in the Fraunhofer spectrum, | 
From these experiments the results of which were subsequently : 
mapped in relation to the various heat-levels indicated by solap 
phenomena, I drew the following conclusions in 1879 :— 
“TI think it is not too much to hope that a careful study of such 
maps, Showing the results already obtained, or to be obtained, af 


) 
id 


varying temperatures, controlled by observations of the conditions 
under which changes are brought about, will, if we accept the ideg : 


that various dissociations of the molecules present in the solid are 
brought about by different stages of heat, and then reverse the pro- 
cess, enable us to determine the mode of evolution by which the 
molecules vibrating in the atmospheres of the hottest stars associate - 
into those of which the solid metal is composed. I put this sugges. 
tion forward with the greater confidence, because I see that help 


can be got from various converging lines of work,’’t gq 


Iron.—The anomalies which have been noted in the case of iron © 
led me to undertake some experimental work with the sparks pro-_ 
duced by quantity and intensity coils with and without jars in the 
circuit. The outcome of these experiments was to show that the 


chromospheric representatives of iron were precisely the lines which ” 


were brightened on passing from the are to the spark, while the 

lines widened in spots corresponded to a lower temperature. 4 

Attention was at the same time drawn to the gradual simplifica- 

tion of the iron spectrum by increased temperature as we pass from 

the arc through the spots to the prominences. ) 
* “Roy. Soc. Proe.,’ vol. 36, p. 444. 


t Ibid., vol. 30, p. 26. 
t Ibid., vol. 30, p. 30. 





+ 


4 megested by Brodie.’’* 
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a i it s eemed pertectly clear then that in the sun “we were not dealing 


“jth iron itself, but with primitive forms of matter contained in 
-s which are capable of withstanding the high temperature of the 
©. after the iron observed ag such, has been broken up, as 


41 p, @ 


' On this view, the high temperature iron lines of the chromosphere 
q present the vibrations of one set of molecules ; while the lines 
iyhich are widened in spots correspond to other molecular vibrations. 


: Gimilarly, the idea of different molecular groupings provides a 


gatistactory explanation of the varying rates of movement of iron 


: vapour indicated by adjacent lines, the lines being produced by 


absorption at different levels and at different temperatures. 


§ 2. How the Hypothesis has fared. 
The Main Points. 


) Only some of the views have received general acceptance, those. 
4 eferring to the breaking up of the solid meta] giving a continuous 
spectrum into smaller molecular groupings giving fluted and line 
spectra. 

r My view as to the subsequent dissociation of molecules, when once 
the line spectrum stage has been reached, is still rejected by many. 


For myself, | am not surprised at this. In a question of such tran- 


seendent importance, caution must be redoubled; an absence of work 
and expression of opinion in such a line of inquiry with questions of 


pure science only involved, is almost inherent to the nature of the 
investigations. 3 


» The chemist has little interest in an appeal to celestial phenomena, 


and astronomers do not generally concern themselves with chemistry, 


The region investigated by the chemist is a low temperature region 


dominated by monatomic and polyatomic molecules. The region J 
have chiefly investigated is a high temperature region, in which 
mercury gives us the same phenomena as manganese. In cages 
where the two regions overlap, vapour density determinations and 
Other work have been in harmony with the Spectroscopic results, C.9., 
bh e changed density of iodine at changed temperatures, | 
Another, but less direct, argument in favour of dissociation, inde- 
pendently of the changes in the intensities of the lines, was based 
apon Some observations I had made in an attempt to work outa 
spectroscopic method for the detection of impurities. [ noted the 


Presence of what I termed “ basic lines,” that is, short lines which 


femained common to two or more Spectra, after “long lines” had 
een eliminated as being due to impurities. 

_T now reter to these different points seriatim. 

| * © Roy. Soe. Proc., vol. 82,.p. 204... 

































































































































































































































































































































































Mr. J. Norman‘ Lockyer. 


Flutings represent Vibrations of Complex Molecules. 


I take the change of the continuous spectrum success 
flutings and lines first, and in justification of the statement that + 
this matter my view is now generally accepted, I give the following 
quotations from Schuster and Hder and Valenta:— 8 

‘That the discontinuous spectra of different orders (line ang bang 


spectra) are due to different molecular combination J consider hed 


pretty well established, and analogy has led me (and Mr. Lockyep 
before me) to explain the continuous spectra by the same cause; foy 
the change of the continuous spectrum to the line or band Spectryy, 
takes place in exactly the same way as the change of Spectra, an 
different orders into each other.* Gy 

“ Spater fithrte Lockyer weiter aus, dass die Gase, Solange ihge 
Molektile aus mehreren Atomen zerfallen, Linienspectren geben 
mussen. Diese Anschauung wurde seither ziemlich alloemein accep, 
tirt.”+ 1 


The Compleaity of the Line Spectrum. 


v 
“4 


With regard to the view that the line spectrum integrates for a 
the vibrations of several sets of molecules, as I have already stated. 
this 1s not accepted. The number of objections is legion, and it ig 


impossible to refer to all of them here. But, at the same time, the 


opinion of some of those workers who have approached the subject. 


from both points of view is, I think, coming round to my side, and i 
shall briefly refer to one or two instances, the first bringing confirma. 
tion from a new line of inquiry. f 


The effect of Pressure on Wave-length. 


. Messrs. Humphreys and Mohler have recently made, at the J ohng. 


Hopkins University, a series of experiments upon the effects of 
pressure on the wave-lengths of metallic lines.t Using an electric 
arc inclosed in a cast-iron cylinder, they have observed the spectra 
at pressures varying up to fourteen atmospheres. 4 

The general effect of pressure was to broaden the lines and to 
bring out the reversals, but cadmium was found to be an exception, 
With one exception, all the measurements actually made of the 


spectra of twenty-three elements showed that “the shifts were | 


invariably towards the less refrangible, .c., the red end of the 
spectrum, and that they were directly proportional, not only to the 


* Schuster, ‘ Phil. Trans.,’ 1879, Part 1, vol. 169, p. 39. q 
+ Eder and Valenta, ‘Denkschriften der kaiserlichen Akademie der Wissel 
schaften,’ Wien, Bd. 61, p. 426, 1894. q 


t ‘ Astrophysical Journal,’-vol. 3, p. 114. 


ively int | 7 


4 
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| ye-length, but also to the excess of pressure above one atmo- 
Bere.” The exception referred to is that of calcium, in which 
a the H and K lines, among others, were shifted only about half 
4 much as the blue line at 4226:9. 2 
R eferring to the exceptional behaviour of calcium, Professor Hale 
joints out that the result “ seems to support Lockyer’s views as to 


oo” dissociation of calcium in the arc and sun,’* and further states: 


Tt would thus appear that the temperature of the dissociation of 
alcium is between that of the Bunsen burner and that of the Oxy- 
, al gas flame. The high molecular weight of calcium has hitherto 
sonflicted with our belief in the presence of this meta] in promi- 
Hences. Lf, however, it be granted that dissociation can be brought 
a out by temperatures even lower than that of the are, the difficulty 
is very greatly lessened.” 

“In an article which I wrote in ‘ Nature’ on this work,+ I pointed 
out that “it would be very interesting to see if the Strontium line at 
4607 behaves like the calcium g in relation to the lines at 4077 and 
4915, representing H and K.” 

This prediction has been confirmed in a paper by W. J. Hum- 
phreys,{ on ‘“‘ The effect of Pressure on the Wave-lengths of lines in 
the Spectra of certain Klements,” in which the author gives a table 
of the shifts measured on the strontium lines mentioned above. 
When working with pressures varying from 6 to 12 aimos., the shift 


Not the line at 4077 was always approximately half that at 4607. 


There can be little doubt that other enhanced lines will follow 


suit. 


The Question of Serdes. 


| j The other branch of new work to which T refer is the investiga- 


tion of “series ’”’ of lines in spectra, which was practically started by 
Balmer in 1885, and in which, since 1888, we owe so much to the 


Jabours of Messrs. Kayser and Runge and Rydberg. 


_ I stated in 1878 that the spectrum of a substance was the integra-. 


jon of the spectra of various molecular groupings. 


{ Messrs. Runge and Paschen first showed in 1890§ that the spectra 
of lithium, sodium, and potassium were the integration of the spectra 


Of various “series.” Later they have shown that lead and other 


metals follow suit. 


) Before Balmer’s formula was employed, rhythmic structure in 


* had often been noticed. Thus, in 1869, Mascart wrote ag 
FOMOWS :— 


* “Astrophysical Journal,’ vol, 3, p. 160. 

t ‘Nature,’ vol, 53, p. 416, March, 1896. 

{ ‘ Astrophysical Journal,’ vol. 4, p. 249, November, 1896. 
§ ‘Abh. d. k. Akad. d. Wiss.,’ Berlin, 1890, 
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“Tl semble difficile que la reproduction d’un pareil Phénomen. 
soit un effet du hasard: n’est-il pas plus naturel d'admettre que on 
groupes de raies semblables sont des harmoniques qui tlennent iin 
constitution moléculaire du gaz lumineux ? II faudra sang doute a 
grand nombre d’observations analogues pour découvrir la loi Qui rd, 
ces harmoniques.”’ 

I wrote thus on this subject in 1879 :— 1 

“Tam at present engaged in investigating this question of rhythm: 
and I have already found that many of the first order lines of ing : 
may probably arise from the superposition or integration of a nu 4 
ber of rhythmical triplets. All this goes to show how long the 
series of simplifications is that we bring about in the case of the sc 
called elementary bodies by the application of a temperature that We 
cannot as yet define. 4 

‘Indeed, the more one studies spectra in detail, and especially undep 
varying conditions of temperature which enable us to observe the 
reversal now of this set of lines, now of that, the more complex he, 
comes the possible origin. Some spectra are full of doublets ; others) 
again, are full of triplets, the wider member being sometimes on the 
more, sometimes on the less, refrangible side. Doublets and trip. 
lets, as a rule, reverse themselves more freely than the irregulap 
dines in the same spectrum—which particular doublet or triplet will 
reverse depending upon the temperature.’”* . 

A series of spectral lines may be defined as a sequence of lines, th ¢ 
intensity of which decreases with the wave-length, and the number 
of vibrations of which may be determined by the formula— a 

A+B/n?+C /nt, 
where » is given the integers from three upwards, and the constantg 
A, B, and C are determined for each element separately. 7 

The fact that lines must close up to one another, as the violet end 
of the spectrum is reached, indicates that the character of a “ series ' 
is best brought under notice in the ultra-violet end of the spectrum, 
In the visible part of the spectrum the lines forming “ series” are 
too far apart to be recognised as belonging to series. q 


« 
ia 


As soon as it becormes apparent that a set of lines in the violet 


seems to form a series, computation will at’once give the lines that 


belong to it in the visible part of the spectrum. g 


So far there has been no definite pronouncement touching the 
question of temperature or the possibility that each series may repill 
sent vibrations of similar molecules, but this question has recently 
been advanced in an instance which to many will carry conviction 
with it. | 

* “On Young’s List of Chromospheric Lines,” ‘ Roy. Soc. Proc.,’ vol. 28, Mare f 
1879. 


“Sit 
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J fecdot Pickering announced last month that the star ¢ Puppis 
J - d, in addition to the usual series of hydrogen lines, a second 
: rhythmical lines, which he Supposed to be due to a new 
4 i. On further inquiry, it was found that the lines were closely 
* to the hydrogen series, and that it wag probably due to that 
ppstance under conditions of temperature or pressure as yet un- 


own. 


‘is basis for this statement was founded on the fact that the 
pye-lengths of the new series could be directly computed by sub- 
uting for the value of » in the formula which gave us the known 
sdrogen series even numbers instead of odd. ones, * 

") ow, this new series of hydrogen has, so far as we know, only 
7. geen in one other star, namely, 29 Canis Majoris. ; 

'p yofessors Pickering and Kayser both concede that this new form 
Phydvogen is due most probably to a high temperature, so that we 
hould expect to find it in the bright-line stars, which, on the meteo- 
tio hypothesis, give us the effect of the highest temperature, due to 
he possibility of end-on collisions without the shielding effects of 
gaseous envelopes. Kayser expressly states,f “that this series hag 
aver been observed before, can perhaps be explained by insufficient 


emperature in our Geissler tubes and most of the stars.” 


Tt seems as if the two series are of the “ subordinate” type, and 
rat the principal series-is still] wanting, because in subordinate 
ries the lines for large values of n lie very near to one another, the 
ancipal series on the other hand terminates more in the ultra-violet. 
seems, therefore, probable that one or two of the many unknown 
hes recorded in stellar spectra may belong to the principal series of 
ydrogen, but that they have not as yet been identified as such.t 
i : we 
| he two series are as follows :— 
| Old Series. New Series, 
Observed 





















































Computed. 


6563 °O 
4861 °5 
4340 °6 
4101 °9 
3970 °2 
3889 °2 
3835 °5 
3798 °0 


hese figures are taken fro 
mal,” vol. 5, p. 98. See also Kayser’s article on p. 95 of the same journal. 
Astrophysical J ournal,’ vol, 5, 
I find that this conclusion h 
st mophysical Journal,’ 


Observed. 


6563 °O 
4861 °5 
4340 °7 
4101 °8 
3970 °2 
3889 *] 
3835 °5 
3798 *1 


| 


| 


m Professor Pickerin 


p: 96. 
as already been in 
vol. 5; p. 98). 


Computed. 


10128 °1 
5413 °9 
4543 *6 
4201 °7 
4027 -4 
3925 *2 
3859 °8 
3815 °2 
3783 °4 


part arrived at. by Kayser 


(means). 


— 
—- 


=a 


4200 *4 
4026°8 
3924-7 
3858 °7 
3815 °9 
3783 +4 


g’s article in ‘ Astrophysical 
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If we are dealing in this case with a single molecule of hydyo ‘ 
vibrating in a previously unknown way in consequence of a hi : 
temperature, why is it that the molecules of other bodies do Not pay 
on similar transcendental vibrations and appear in the same Stars gp 
that we shall get new forms of the other chemical elements ? The fags 
that we do not do so is, I claim, an argument in favour of the view 


that the principal and subordinate series are produced by Molecule, 


of different complexities, and that the finer molecules can alow 
withstand the action of the highest temperatures. ) 


In this way we can easily explain the visibility of the new form of 


hydrogen in connection only or mainly with the lines of the Cleveita 


and other similar gases (for there is already evidence of the existengg 
of other similar gases) in the hottest stars. a 
From the admirable work done on such substances as lithium and 
sodium, which apparently are reduced to their finest atoms at 
relatively low temperatures, we are bound to consider that when 
the research includes the complicated spectrum of iron that that 
also must follow suit; but it is already obvious that a principal and 
two subordinate series will never do; there will be a very long Series 
ies involved. . j 
aes these series must include both the are and the enhanced 
lines, and as these are visible each without the other in Stars of 
different temperatures, in one case associated with the cleveite gases, 


in another without them, we have another argument in favour of. 


molecular complexity. 4 


Statement of some Opinions. 


Iam glad to know that attention has recently been drawn. to the 
variations in the appearance of the magnesium lines in the celestial 
bodies by Dr. Scheiner, of the Potsdam Observatory, who is 
apparently acquainted with my work of 1879 ; he accepts the dey 
that the variations furnish us with a precise indication of stellar 
temperature,* and he is now employing it in the work of the obser 
vatory.+ 


3 -) e eee J 
* © Astronomical Spectroscopy,’ Frost’s Translation, p. viii. 


+ Dr. Scheiner points out that in the spectra of nearly all stars of Class a 
(Group IV) the line at 4481 “ generally appears as a broad line—in some spec ‘ 
as strong as the hydrogen lines—but its intensity decreases just in proportion as 


the number of lines in the stellar spectrum increases, so that it is a 4 i 
average intensity in the solar spectrum, or other ppectts of type g a : 
author is unable to detect it in the spectrum of a Orionis. My prior wo 1D owl 
from 1879, being probably unknown to Dr. Scheiner, Messrs. Liveing — 
are credited with the discovery of the peculiar behaviour of this ee Fe “| ” 
experiments, and it is added that “the dependence of the line upon the tempera 


° tars 
thus readily suggests that the temperature of the absorbing vapours upon the § 7 


a 
i) 


ghey i 
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“professors Hder and Valenta thus state the conclusions they have 
a nily arrived at in their study of the changes in the spectrum of 
ercury > : Paty 
“«ferner ist die Hrscheinung des ziemlich unvermittelten Auf- 
tzens des linien-reichsten Spectrums (siehe die Abbildung, fig. 8, 
3 heliographirten Tafel) bei hochgradig gesteigerter Starke des 

3 schenfunkens und gleichzeitigem Erhitzen der Capillare, beson- 

s das Auftauchen zahlreicher neuer Hauptlinien, welche friiher 

cht oder kaum sichtbar waren, und mancher Doppellinien an Stelle 

| a einfachen Linien, eine derartige, dass sie zu Lockyer’s Theorie 
ss Dissociation der Hlemente pasgen wurde, wenn man uberhaupt 
> Ferlegbarkeit unserer Elemente in die Discussion ziehen will.?* 


Mranslation :— , 
“Moreover the appearance of the great brilliancy of the richly 
ined spectrum with a high tension jar spark, the capillary being 
seated, and especially the interchange of a great number of new 
Tines which were dim before, and also the change of single lines into 
jouble ones; these are such that would harmonise well with 
bockyer’s theory of dissociation of the elements, if one is prepared 
0 bring into the discussion the possibility of the dissociation of the 
hemical elements.”’] 


] am glad to be able to quote the following opinion of Mr. Crookes,+ 
fo which | attach great weight :— 

“Until some fact is shown to be unreconcilable with Mr. Lockyer’s 
fiews, we consider ourselves perfectly justified in giving them our 


Of Olass IIla (Group IT) is something like that of the electric are, while that of 
he stars of Class IIa is higher, and that of stars of Class Ia is at least as high as 


»the temperature of the high-tension spark from a Leyden jar. This view receives 
miking confirmation in the precisely opposite behaviour of the magnesium line at 


480218. Hirst becoming visible in the spectra of type Ia (Group IV), which 
ave numerous lines, it is strong in the spectra of type IIa (Groups III and Vv), 
iid increases so as to be one of the strongest lines as we pass towards type IIIa 
Group II). Now, as was found by Liveing and Dewar, this line exhibits just the 
ame peculiarities in the laboratory ; in the spark spectrum it is hardl 
le, in the arc spectrum it is very strong.”’ 
The association of 4352 with 4481 in the hottest stars, if the 

Omecides with the magnesium line 435 


y recognis- 


in the appearance of this line in the spark spectrum 
ead us to expect a behaviour similar to that of 4481. 
t the faint line near 4352 in the hottest stars is not a 


aiserlichen Akademie der Wissenschaften,’ Wien, Bd. 61 


| Chem. News,’ 1879, vol. 39, p. 65. 
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provisional adhesion, as a working hypothesis to be constantly teg a : 


by reference to observed phenomena.” 
I am anxious to refer here also to the opinion expressed by a 
friend and colleague, Professor Roberts-Austen, whose research, " 
have mostly been carried on at high temperatures :—- “a 
“Mr. Lockyer has, however, since done far more: he has show q 


that the intense heat of the sun carries the process of moleculan | 


simplification much farther; and, if we compare the complicated 
spectra of the vapours of metals produced by the highest tempera. 
tures available here with the very simple spectra of the same metale. 
as they exist in the hottest part of the sun’s atmosphere, it ig dit, 
cult to resist the conclusion that the atom of the chemist hag itself 
been changed. My own belief is that these ‘atoms’ are changed 
and. that iron, as it exists in the sun, is not the vapour of iron ag wil 
know it upon earth.”’* : | 


The Basic Lines. ’ 


With regard to the basic line part of the inquiry, I think I shajj_ 
not be going too far in saying that it has been universally rejected, F 
and chiefly on the ground that some lines which appeared coincident 
at the dispersion I employed appeared double with higher disper. 
sions. Ihave pointed out in the ‘ Chemistry of the Sun’ (p. 377) that 
this is not a sufficient answer, but I have left aside this branch of. 


the inquiry for some years in the hope that some chemist would © 


take up the question of spectroscopic impurities out of which it 
Srew. . q 

Bat it is evident that this basic line point of view, even though it 
be considered a less direct attack on the problem than others, 
assumes a much more important and definite position in the light of 
the new work. . I. will not go into this question at length now, but 
will content’ myself by asking whether one actual demonstiation of 
dissociation will not take a form very like that which the chemist 
has taken to be a demonstration of the existence of impurities. : 


' -§ 3. Discussion of the Bearing of the Stellar Researches on the 
Hypothesis. 


Hatension of the Field of Investigation: 


I now proceed to consider whether the views which I have found 
necessary to enable me to group together harmoniously and con* 
tinuously solar phenomena are weakened or stréngthened by the 
study of the new field of investigation opened out by the recémb 
stellar work. 


* © Roy Inst. Proc.,’ vol. 13, p. 509, 1892. 
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| | § approaching this new part of the subject, it is necessary to 
B ceed with great caution, since the things observed are different. 


ithe solar work has consisted in observing different parts of the sun, 


the star work puts us in presence of the total effects both of radia. 


3 i on and absorption in the case of each body observed. 


A Possible Objection. 


a But in limine there is an objection to meet which may possibly be 
Sut forward by those unfamiliar with these inquiries. 


"Ibis that there is no relation whatever between the sun and stars 
ae; be 2 ; 
fhat there is no evolution, and that the various Spectral differences 


"are due simply to the fact that the relative percentage composition 


varies from sun to star and from star to star, so that some stars may 


Nhe composed entirely of the cleveite gases, others of hydrogen, others 


of calcium, others of iron, others of carbon, and so on. 


© Those who hold these views and deny that an evolution ig going 


on have to explain the following facts :—— 

: 1. While the number of chemical elements known at the present 
fime is about seventy-two, the number of well-marked groups of stars is 
only seven, and this number includes the nebule. 

| 2. It is not sufficient to suppose differences due to a variation of 
the number of chemical elements present in different stars, as there 


may also be any number of possible variations in the percentage 


gomposition. On this ground an infinite variety of spectra might 
be expected, but, as already stated, the number of well-marked 
eToups 18 seven. , 


» 3. Hach particular kind of star spectrum is always associated with 


the same degree of stellar temperature as determined by other con- 


Psiderations. With differences of chemical composition, different 
pspectra would occur with equal temperatures. 


»4. The Sun, Capella, and Arcturus, and other cooling stars 
enormously separated in space, contain the same spectral lines ich 
almost identical intensities, so that not only do they contain the 
ame “elements,” but they contain them in absolutely identical pro- 
Portions. The earlier and hotter stages of such stars could not 
merefore have consisted of different mixtures. 

2. All the blood-red stars, which it is generally acknowledged are 
fear the point of extinction, have identical spectra. e 

6. The facts in this paper already given show that the differences 
orded in stellar spectra do not come from a different percentage 
emposition of the elements present, but arise from the action a 
eoent temperatures on the same molecules. 

y ntil the above facts are explained I must hold that the argu- 
_ 18 complete that we do get the same elements represented by 


































































































































































































































































































200 | Mr. J. Norman Lockyer. a 


different spectral lines in different stars when the apparent disp q 
ences are such as to suggest the objection to which T am a s 


referring. 
It is not a question of the absence of elements, but of the 

absence of certain molecular complexities of each element, whey 

separates the spectrum of the sun from those of the stars 

orders. 


The Connexion between Chromospherie and Stellar Phenomena. 


The objection having been met, I now proceed to discugg the 
connexion between the sun and stars, and in order to bridge the 
gap which separates them, it is. necessary to bring forward the yor 
latest solar results as a basis of inquiry. : 

The chromosphere, which represents that part of the atmosphey, 
with which we have chiefly to do in the light of § 2, is well poup, 
trayed in the photographs of the Eclipses of 1893 and 1896, go 
complete is the record, that it is quite sufficient for our present pup. 
pose, and is to be the more relied on since it represents it at the 
same instant of time. I have elsewhere pointed out that Young’s list 9 f 
chromospheric lines may be misleading because it is a summation of 
results obtained at different times and of different conditions ; pro. 
minences even may be, and doubtless are, involved. I have already 


stated the order in which the various substances thin ont; the 


lengths and intensity of the lines ‘are faithfully recorded in the 
photographs. 4 

An examination of the eclipse photographs shows that the tem- 
perature of the most luminous calcium vapour at the sun’s limb ig 
not far from that of the electric spark, the blue line being feeble as 
compared with the H and K lines, which we have seen to be enhanced 
On passing from the are to the spark. j 

Many of the characteristic arc lines of iron appear in the chromo- 
spheric spectra as photographed at the two eclipses, and those which 
I have recently shown to be enhanced in the spark are all present in 
the chromosphere of 1896, and most of them in that of 1893. In the 
chromosphere of 1896, the enhanced lines are all of greater intensity, 
than the corresponding Fraunhofer lines, and they are also relatively 
stronger, as referred to the arc lines, than they are in the exper 
mental spark. Hence, incandescent iron vapour in the chromosphere 
must beat a temperature at least as high as that of our hottest spark, 
and certainly higher than that of the iron vapour which is most 
effective in the production of Fraunhofer lines. : 

The characteristic spark line of Magnesium at wave-length 446] 
is not represented in the chromospheric spectra of 1893 and 1896 
but other lines which are common to the arc and spark were recorded 
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J poth. Taking the magnesium lines by themselves then, they 
Boal d suggest a temperature lower than that of the spark, but re- 
A mbering that 4481 is only a short line in the experimental spark, 
‘ may be that its absence from the chromosphere is not go much due 
low temperature as to the admixture of the magnesium with other 


yapours. 


| he intensities of the lines of calcium, iron, and magnesium, there- 
| fo ye, all accord with the view that the temperature of the region of 


the chromosphere in which these vapours exist is not less than that 
of the electric spark. 


© The possible action of heat on the Sun’s present Chromosphere. 


| Having these unimpeachable series of facts to 20 upon, we have 
frst to consider what would happen if the temperature were raised. 
We have seen that there are, in fact, in the chromosphere many 
16 yers of vapours, that the thickest lines, H and K, are thickest at 
bottom, and that if we take the lines observed in the spectra of 
calcium, strontium, iron, magnesium, manganese, d&ec., the order of 
thinning out has no known relation to the atomic weights of these 


substances, while taking the facts as we find them, we are certainly 


dealing simply with the power of resisting higher temperatures, 


) Now, it is only possible to consider the results produced by a 


higher temperature on two hypotheses. The first, the usual one, 
that the chemical elements are indestructible; the second, that they 
are not. 

On the first hypothesis it is difficult to say what change could 


Hiake place which would alter the characteristics of the spectrum very 
Widely. We have a complex mixture of the vapours of metallic 
"substances and gases with paramount calcium, hydrogen, and the 


leveite gases. Temperature cannot therefore vary the relative 
mtensities of the lines. H and K must always remain predominant, 


iron must remain because it cannot be destroyed, and the quantity 


of hydrogen and the cleveite gases present cannot be increased, their 
imes cannot therefore become more Important in the spectrum. 

itis also clear that any change of relative density on the usual 
aypothesis cannot be brought about by an increase of temperature ; 
his, then, cannot alter, it cannot change the relative proportions of 


chemical Substances present in any layer, and therefore the relative 


Dtensities of the lines which indicate the existence of the various 
mbstances in the different layers. 

4 Tt may be said that in consequence of a more exalted temperature, 
Me hydrogen and cleveite gases may, for some reason or other, 
Scape from among the metallic vapours, and form an upper Special 
amosphere of their own, in which, in consequence of its greater 
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chemical simplicity, the lines of these substances will become 


important. But this argument is not philosophical, because Wwe havil | 


no right to assume such a change, These gases already exigt in the 
order named in the sun at the temperature of the electric Spark, ang. 
in fact, in the sun hydrogen and the cleveite 8ases give us no traces 
of their existence at any great height above the chromosphere , the 
gas that does exist in these elevated regions is one about Which wa 
know nothing, so far, terrestrially, and of which no trace has yet bee ; 
found in the spectrum of the hottest stars. j 

The only change which we can imagine on the usual hypothesig. ad 
resulting from the increase of temperature, is that with the INCreagg 
in volume there will be a reduction in density, and all the lineg will 


be equally enfeebled. But this is exactly what does not happen. 


, 


If now we turn to the other hypothesis, that, namely, of dissocia. 


tion, we see at once, in the hight of laboratory experiments, that with, 
every considerable increase of temperature in all such masses of 
vapour and gas as that which now constitutes the solar chromosphere, 
# fundamental change in the appearance of the spectrum myst bel 
brought about, complex molecules would be broken up into simplep 
ones, and the result of this action would bring new lines into the 


Spectrum, indicating the vibration of the molecules produced. Now. 


let us come to facts. Were the temperature of the chromosphere to he. 


increased, if dissociation takes place at this temperature, the dissocig. 


tion products must become visible, and we must look for them among 
those lines which expand at the expense of those which contract and 
disappear. Is any such experiment as this going on even at this 
moment? The answer is beyond question. The evidence ig 


complete that the temperature in the reversing layers of « Cygni ig 


higher than that of the reversing layers of the sun. What do we 
find? Of lines disappearing we have arc lines of iron, some 
thousands in number, calcium, magnesium, strontium, and go on. 


Of lines increasing in importance we have the small number repre. 


senting the enhanced lines of iron, the lines of hydrogen, and sone’ 
others which we cannot at present associate with the name of any 
known substance. Here, then, we get a series of phenomena which, 
on the hypothesis we are discussing, is simply and sufficiently 
explained by the statement that on passing from the temperature of 
the sun to « Cygni, among other changes brought about, the 
complicated line spectrum of iron ig giving way to a more simple 
one consisting of the enhanced lines. Further enquiries show that: 
the other metallic spectra are behaving in the same way. Looking 
for the lines which increase in importance, while the others are 
reduced, we find the lines of hydrogen increasing in importance. 7 
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The Orion. Stars. 


] Now if we consider another change higher up in the scale of tem- 
‘pyature, taking as the lower level « Cygni, at which we have arrived, 
pe? have independent evidence that the so-called Orion stars are 
Bor than such a star as a Cygni. ppehpy 

© On proceeding to study the higher dissociating temperature at 
work in the Orion stars, all the statements made with reference to 


Myhe changes likely to occur in the spectrum on the non-dissociation 


hzpothesis, strictly apply. We cannot expect any change in the 
f lative intensity of the lines, and the appearance of the spectrum 
_annot be fundamentally altered. 

on the dissociation hypothesis, on the other hand, if we find certain 


)jines indicating certain substances disappearing, and other lines indi- 


eating other substances making their appearance for the first time, 
C e e . e e 

or if they were visible before, becoming much intensified, we shall 
0 


have an opportunity of studying the effects of the new dissociating 


forces at work. 7 
' Now is there any change? ‘The facts are that this increase of 
temperature we are now considering reduces the quantity of iron and 
calcium present, increases the amount of hydrogen present, and the 
lines of the cleveite gases now appear. 


» Associating this with the former result, we get as distinct evidence 


that an increase in the spectrum of the cleveite gases accompanies the 
disappearance of the enhanced iron lines as that an increased develop- 
ment of the enhanced iron lines accompanies the decrease of the iron 
are lines. 


» To take iron as an example, for the sake of simplicity, it will be 


seen then that the actual stellar phenomena might have been pre- 


P dicted up to a certain point, from a consideration of laboratory and 


solar phenomena. But the stars carry us further than our predic- 
tions; we see the gradual increase of hydrogen and cleveite gases. 
The facts demonstrate that as temperature increases hydrogen 
increases, and, together with the cleveite gases not obvious before, 
finally replaces iron which has disappeared. 


The Law of Continutty. 


/1 am bound to make this appeal to the law of continuity. The 
Verdict is that, as in all previous human experience, a higher tem- 
perature brings about simplifications, and it is not Strange that, as 
our horizon is expanded by new work, we find the same laws in 


operation. We have, I hold, in these phenomena the work of dis- 


S0Clation carried on before our eyes in the hottest stars, to a point not 
reached before, and the stars also tell us that this is beyond our 
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204 Mr. J. Norman Lockyer. 


laboratory possibilities, for the highest temperature [ have 
only carries us to the heat level of y Cygni, in which star the cleyosiill 
gases, if visible, give only very faint traces. We are thus broy ite 

finally face to face with the fact that iron is a compound, into a 

ultimate formation of which hydrogen, or the cleveite gases, or p of | 
enter, and thus the appearance of Ds; in the chromosphere . 
with the enhanced lines of jron is finally explained. The 
included in the present discussion do not enable us to Say 
whether hydrogen, excluding the new form, or the cleveite 

are primordial among those at present known to us, but th 
already evidence furnished by 6 Lyre and € Tauri, that that p 
will probably have to be accorded to the cleveite gases, dealin 
those with which we at present are familiar. 

But the discovery of Professor Pickering of the new form of h 
gen, to which allusion hag been made, must have a most importan¢ 
bearing upon this conclusion, especially if, a8 suggested by Kaygep 
and myself, the principal series of hydrogen is still beyond oup kent 
because this would indicate that even in the hottest stars so fay con 
sidered, the temperature is not high enough to allow its molecule tal 
exist uncombined. | a 

My son, Dr. W. J. S. Lockyer, is now engaged upon this and allieg 
problems in connection with other series he hag discovered in 
Bellatrix, and the Spectra of other stars at the apex of the tempera. 
ture curve, including the detailed facts with regard to the appearance 
of the various series of the cleveite gases. 


Stang 
nally 


D 
Cre ig 


8 With 


yang. 


The ultimate Molecules involved. 


It follows from the preceding statements that, so far as the power 
of resisting the effect of temperature is concerned, the ultimate 
molecules at present within our ken of the chemical elements dig- 
cussed in this memoir may be arranged provisionally in the foliowing 
order :— ' 


Uncertain, probably { Gas X 


correct order, 


He 
H 


Ca 
Me 
Fe | 
The ultimate molecules of Ca, Mg, and Fe thus indicated may be 
considered ag representing the vibration of a proto-calcium, proto 
magnesium, and proto-ferrum in stars of medium temperature. | 


The above is put forward with all reserve, for it must be remem=y 


bered that we are only dealing with stars in our own part of space; 
and that only a small part of the spectrum has been studied. , 


“S80 Clatequn 


Saseg ~ 


OSitig " | 
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Prout’s Hypothesis. 


This result teaches us that Prout’s hypothesis, though at the time 


4 was promulgated it was a magnificent approach to the truth, cannot 
4 w 


"|. true absolutely, for two reasons. (1) Gas X and helium take 


recedence, in all probability, of hydrogen (excluding the new form) 
S . evolutionary series; and (2) terrestrial hydrogen, as we know 
‘ 4 broken up molecularly before it can give us the line spectrum, 
4 dit is the hydrogen that gives us the line spectrum that makes its 
4 earance in stars in greater quantity as the enhanced iron lines 
By pear im consequence of the action of a higher temperature. 


Final Result. 


4 Mhe above conclusions, based upon laboratory, solar, and stellar 
evidence, all tending in the same direction, may be regarded as the 
Bult obtained so far in regard to the “celestial dissociation ” 


which I pictured to myself in 1873. 

1 I claim that each step in the work hag demonstrated the truth of 
that hypothesis more and more, and that we can now acknowledge 
that the phenomena of the inorganic world are dominated by an 


feyolution not less majestic, although much more simple, than that 
now. universally accepted in the case of organic nature. 


XII.—GaneraL Conciusions. (Marcu 20, 1897) 


/ 1. Ina mixture of vapours at a particular temperature, a vapour 
which is not present in sufficient quantity to show all the lines of its 
spectrum will be represented by the lines which are longest in its 
spectrum at the particular tem perature in question. 

q Only some of the short lines in metallic spectra represent the 


etiects of high temperature. 


2. Some of the substances which have been investigated, including 
iron, calcium, and magnesium, have probably a definite spectrum, 
consisting of a few lines, which can only be completely produced at a 
temperature higher than any which is at present available in labora- 


4 tory experiments. The lines constituting the new Spectra are those 


which either only appear in the spark spectrum, or are lengthened in 
passing from the arc to the spark. Such lines are termed enhanced 


_ lines. 


» 3. In the case of iron, calcium, and magnesium, there are four 
distinct temperature steps which are marked by spectral changes : 
(@) The flame Spectrum, (6) the arc spectrum, (c) the spark spec- 
rum, (d) a Spectrum consisting solely of those lines which are 
enhanced in passing from the arc to the spark. 
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4. The order of temperature of certain stars, as determine ag q q 


a comparison of the extensions of the continuous Spectrum into eo 
violet or ultra-violet, is precisely the same ag that which folloull 
from a comparison of the metallic spectra at the four stages of teu 
perature. ¢ 7 
©). The variations of the metallic Hnes furnish the most convent q | 
means of determining relative stellar temperatures, for the reason that 
photographs with special exposures are unnecessary, , 
6. Having ascertained the relative temperature of a Star in thie 
way, and assuming that all the absorbing vapours are at the same 
temperature, the presence or absence of any other metallic substanes 
can be determined by looking for the lines which are longest in it 
Spectrum at that temperature. In the case of the hottest Stars, the 
fourth stage spectrum must be the term of comparison. q 
7. Accepting the new results with regard to the lines enhanced jy 
the spark, several lines in the spectra of the hottest Stars, for which 
no origins could previously be assigned, can now be ascribed ¢ 
metallic substances at the fourth stage of temperature. a 
8. The lines of the cleveite Sases appear only in the hotter stars 
as indicated by the extension of the continuous radiation into the 
ultra-violet. They increase in intensity with increased temperature 
in certain stars. ; 
9. The order of stellar temperatures, determined from the increas. 
img intensity of the lines of the cleveite gases, is identical with that 
determined from the decreasing intensity of the metallic lines in the 
case of those stars which show both series of lines. i 
10. Different substances are Spectroscopically visible throng 
different ranges of stellar temperatures. The hydrogen lines are 
visible in stars ranging in temperature from that of « Orionis to that 
of Bellatrix, while those of the cleveite gases do not appear belo 7 
the temperature of a Cygni. The enhanced lines of calcium appear 
at temperatures as low as a Orionis, and persist, with reduced 
intensity, to the temperature of Bellatrix ; those of iron do not 
appear at temperatures lower than that of a Cygni, and disappear 
altogether at the temperature of Bellatrix ; while the enhanced line. 
of magnesium appears at the temperature of « Cygni, and remains 
feebly visible at the temperature of Bellatrix. 3 
11. It follows, then, that the enhanced metallic lines may be absent 
from a stellar spectrum, either because the temperature is too low or 
too high. 4 
12. In the case of those stars which previous investigations haye 


t 


shown to be cooling, the metallic line phenomena are inverted. The” 


enhanced lines first become visible, then the arc lines; while the 
enhanced lines disappear at a certain stage in the process of cooling; 
the arc lines continue to become stronger. | 


4 


i 10 nh. 
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4 3, The lines of the cleveite gases show a similar inversion on the 
a 4 ward side of the temperature curve. Strongly represented in 
. 4 ottest stars, they thin out very rapidly in cooling stars, and dis- 
© ar before the arc lines have begun to show themselves, 

4 4, Utilising the iron lines as a method of bringing together stars 


q a approximately equal temperature, it is found that at each stage 


), stars are divisible into two groups, which, in accordance with my 
pe 


Previous work, correspond to increasing and decreasing temperatures 


respectively : : 
15. As determined in this way, stars of increasing temperature 


| sfer from those of decreasing temperature at the same stage of heat: 


1) in the greater continuous absorption in the violet or ultra-violet, 
9 in the generally greater intensity and breadth of the metallic 
Das (3) in the smaller thickness of the hydrogen lines, (4) in the 


Noreater thickness of the helium lines at those stages in which they 
are visible. 


16. These differences are all explained on the meteoritic hypothesis. 
'17. There are stars, near and at the top of the curve, which cannot 
be arranged in order of temperature by the criteria referred to in 15, 
for the reason that the iron lines have disappeared, and the lines of 
hydrogen and cleveite gases show little variation, 

18. The arrangement of stars about the top of the curve will 
lepend upon the conditioning of certain lines, at present of unknown 
rigin ; the necessary criteria therefore, require further investiga- 
19. The known facts with regard to changes in the line spectrum 
fan element can be easily explained on the hypothesis of successive 
issociations analogous to those observed in the case of undoubted 
ompounds. 

»20. Similarly, the differences in the lines representative of a metal 


fich as iron in the spectra of sun-spots, prominences, chromosphere, 


r different stars, are explained by supposing that there are different 
nolecular groupings at each stage of temperature. 
21. The change from a continuous spectrum to one consisting of 


fitines, and afterwards to one of lines, is now acknowledged to be 


me to the existence of different molecular combinations. 

22. The recent investigations of Humphreys and Méhler on the 
atts produced in metallic lines, when the vapours aie observed at 
ifferent Pressures, confirm my view that the line spectrum of a métal 
itegrates for us the vibrations of several sets of molecules. 

23. It is argued that the existence of “series” of lines in the 
bectra of some chemical elements is another indication of molecular 
Omplexity, each series probably representing the vibrations of similar 

0. €cules, 

24. The behaviour of the magnesium lines in stellar Spectra ig 
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; # 


ascribed by Dr. Scheiner to differences of temperature, in accord . 


with my experimental results of 1879. 

25. The experiments on the Spectrum of mercury which have Jill 
made by Eder and Valenta have revealed variations which a 
to them, favour the dissociation hypothesis. 

26. On various grounds, the view that the differences in stel] 
spectra represent fundamental differences of chemical] composition 
untenable. The fact that many stars which are widely Separated a 
Space give identical spectra, indicates that they not only contain the 


> WCCOrding, 


same “elements,” but that the “elements” exist in the same Pro- 


portions in all. 

27. On the non-dissociation hypothesis, the action of heat On the 
sun’s chromosphere could not produce such a spectrum as that whie , 
we know to be associated with hotter stars, since the relative . 
portions of different vapours could not be changed. The only change 
which can be imagined to take place on this hypothesis ig a reduction 
of intensity of all the lines due to reduced pressure. ; 

28. On the dissociation hypothesis, increased temperature would 
bring about fundamental changes in the spectrum due to moleculay 
simplifications, and in this way the effect of an increase of tempera. 
ture on the sun’s chromosphere, as indicated by hotter stars, can be 
predicted, and receives a simple and sufficient explanation. } 

29. The disappearance of the enhanced iron lines in the hottest 
stars, and the simultaneous intensification of the lines of hydrogen, 
helium, and gag X, bring us face to face with the fact that iron ig g 


compound, into the ultimate formation of which one or all of these 


gases enters. ; 

30. The ultimate molecules of the chemical elements discussed in 
the present paper may be provisionally arranged in the following 
order of resistance to the effects of temperature :— q 


Gas X Doubtful Saitoh 
He 


igi 
Ca 
Mg 
Fe 


31. Hach step in advance which has been made since 1873 has 
demonstrated more and more that there is really such a ‘celestial 


ie) 
‘% 


dissociation” going on as that which I then suggested. 


In concluding this paper, I am anxious 
indebtedness to my assistants. For the photographs of the spectra 
of stars and the new photographs of the spectra of metals under 


to express my great 


- 
by 
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ious conditions I have to thank Messrs. Baxandall, Shackleton, 
B iler, and Watson. Mr. Baxandall ig responsible for the wave- 
engths and intensities of most of the metallic and stellar lines given 
| the paper, and he has also made the maps which dea] more espe- 
jally with the metallic lines. The maps showing the occurrence of 


= the 2seous lines in stellar Spectra have been made by Dr. W. J. S. 


pockyer who has also contributed the part relating to series of lines 


Dp spectra. To Mr. Fowler I am indebted for help in the general 


supervision of the various branches of the research, and for agsist- 
gnce in the preparation of the paper. 


Note by Professor SCHUSTER, F.R.S., “On the Chemical 
Constitution of the Stars.” 


j T could have wished that the classification of star Spectra had been 
the only question submitted to us for discussion. The subject is 
important and difficult enough in itself; there are many points on 
which opinions might have been profitably exchanged, and I think we 


might have arrived at some general consensus of opini 


have left us more fit to form a sound 


ne which is legitimate, 

y of us would, I think, 

case. But he claims hig 

can explain the facts, and dismisses as 
ernative which he discusses. I think 


that in this he has gone too far, and to bring matters to an issue T 
will put the case for the other side; but before doing so I should 
hike to express my concurrence in the general system of classification 
adopted in the paper. 
which does not constantly appeal to laboratory experiments, and I do 
hot think Professor Lockyer will have much difficulty in convincing 
the scientific world that he hag made avery material advance by 


No classification ig likely to prove successful 


mS investigations of the «“ high temperature ” or “ enhanced ” lines 


ot the metals, 


“The only change,”’ 


ewMperature, is that 
reduction in density, 


With this remark I ¢ 
: placement of hydrog 
lottest stars, by calcium, iron, and 



































































































































































































































































































































210 Prof. Schuster, 


Opinion several causes at work which might produce tha; effect 
glowing mass of gas may be either in thermal or in convective ¢ 


profoundly different. In reality an intermediate state proba 
arrived at, but there is good evidence to show that the state of F 


hydrogen stars. We know as a fact that there are Powertul cony eal 
tion currents near the sun’s surface. There is in consequence F ] 

' ° ° . ie al 
approach to a uniform distribution of matter and enormous diffe. 


ences of temperature in layers which are comparatively clog 


together. Those who have not given much attention to this subject 
will hardly realise the differences of temperature brought about hal 
convection currents. On the surface of the sun the temperatyya 
gradient produced by convection currents would be equal to 20,0098 
for each 100 km. difference in level, so that an angular distanee of 
one second of arc would correspond to a difference of 100,009°. 
Radiation and condensation will diminish this gradient, but that i if 
very large is sufficiently proved by the spectroscopic evidence, Thus. 
according to the results of Messrs. J ewell, Mohler, and Humphreys, : 
the pressure in the reversing layer for hot calcium giving the H and 
K lines is about 6 atmospheres, while that for the cooler calciym 
vapour is about 3 atmospheres. With a gravitational constant 99 
times as large as that of our earth, a difference of 3 atmospheres cay. 


oh 


only mean a comparatively small difference in level, While, then, in” 


the sun we must admit a more or less effectual stirring up of the 


constituents together with an accompanying rapid temperature 


gradient, the evidence is just the other way in the case of stars like 
y Lyre. The spectrum of that star, according to Professor Lockyer, 
contains only the high-temperature lines of iron. This means not 
only that the reversing layer is very hot, but also that there are no 
rapid changes of temperature at different levels. It ig impossible to 
imagine this hot layer of gas ending abruptly, it must be surrounded. 


by ccoler matter, which cannot be iron, as the low-temperature lines 


of iron do not appear. In such a star there cannot be an effectual 
_ mixing up of the constituents, and hence the layers of gas will arrangé 
themselves according to the laws of diffusion. It would follow that 
hydrogen being a lighter gas than iron will be chiefly represented: 
in the cooler and outer layers, while iron will be found more particu- 
larly in the inner and hotter parts. The relative proportion of 
different elements in different layers will be regulated partly by their 
density, but to a great extent also by the total quantities present in 
the star; for the different gases will not float on each other as liquids 
might, but the density of each gas will increase steadily from the 
surface to the centre. The chief difference, according to this view, 


* ‘Astrophysical Journal,’ vol. 3, p. 188. 


bly ig 


° eye ry 5 = One 
vective equilibrium is more nearly approached in our sun than iti th j. 


“7° . : € rh _ 
librium, and the spectroscopic appearance in the two cageg Will he 
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ga een a hydrogen and a solar star lies in the more or legs effectua’ 
” up of the constituents. If we could introduce a stirrer into 
- there can be no doubt whatever that the low-temperature 
yg of iron would make their appearance, while, on the other hand, 
| =. could stop all convection currents on the surface of the sun the 
| % drogen which now hes under the photosphere would gradually 
qiffuse out and give greater prominence to its characteristic absorp- 


‘ +i( D lines. ; Fi 
. in the face of the direct evidence of the absence of convection 


Tarrents in the hotter stars, it is not necessary for the purpose 
he my argument to discuss why this is the case, but it can be seen 
that diminished gravity, diminished density, and consequently 
Be reased viscosity, will contribute to the effect, while effectual 
radiation will, owing to the smaller density, take place more evenly 


Yhrough a thicker layer of the envelope, so that the principal cause 


of convection currents will also be much diminished. The explana- 
tion 1 have given does not differ materially from that brought forward 
by Dr. Huggins in his address as president of the British Association 
at Swansea. I do not say that difficulties may not be raised against 
it, but difficulties may be raised also against the theory of dissocia- 
tion, and there is especially one question which Professor Lockyer 
must be prepared to answer. Amongst the heavier metals, tellurium, 
antimony, mercury, are not represented in the sun, but they are found 
in Aldebaran. To be consistent, we must, if we adopt the theory 
of dissociation, assert that these metals are decomposed in the sun. 
But if lunderstand Professor Lockyer right, he believes that with our 
strongest sparks we can exceed the state of dissociation which exists 


in the reversing layer of the sun. Take such a strong spark then from 


apole of mercury, do you get lines of helium, or of calcium, or of 


hydrogen ? This seems to me to be almost a crucial experiment, 
"Possibly, of course, we should eet high-temperature lines not 


hitherto looked for, but present in the sun. If go, the objection 
would fall to the ground, but if this is not the case, and if mercury 
at a high temperature refuses to be dissociated into simpler elements, 
a most serious objection to the theory would have to be answered. 

“With regard to the division of stars into those of rising and those 
of falling temperature, some of Professor Lockyer’s remarks lead me 
to think that he has not followed the recent development of the 
nebular theory. To him the nebular theory is still that of Kant and 
Laplace, while Lane, Lord Kelvin, and Ritter have applied the 
Gynamical theory of heat to the treatment of gaseous masses, con- 
u acting under their own gravitation, and have clearly shown that a 
radwating and contracting mass is not necessarily a cooling mass: on 
the Contrary the interior of our sun is almost certainly rising in tem- 


perature at the present moment. Ritter’s work is of great: importance. 
' VOL. Lx, Q 














































































































































































































































































































“19 On the Chemical Constitution of the Stars. 


He showed in the year* 1883 that the tota] amount of light ent 4 
by a star will, on the nebular hypothesis, first rise and then fall | 
he then suggested that the stars of Secchi’s Class IV were falling al 
temperature, while those of Secchi’s Class III were rising, The. : 
the same distinction which Lockyer afterwards based on hig mot ; 
theory, and this division is therefore not dependent on the tru hl 
that theory. " 
While I think that we shall all admié that different stars are 
different stages of development, and that hydrogen starg will 
ultimately approach more nearly to the state of our sun, it woulg . 
unwise to push the argument of uniformity too far, and to Say thet 
every star will pass exactly through the same stages, Ritter, who 
favourably inclined to the dissociation hypothesis,} S1Ves 200d rena, 
to believe that the sun’s surface was never much hotter than it 
now, and that the higher temperature of hydrogen stars ig connected 
with their greater masses. It is, in fact, impossible to admit that the 
process of development should be quite independent of the total magi 
of thestar. It may be urged that Arcturus must have a mass much 
larger than that of our sun, and its spectrum, according to Profeggop 
Lockyer, is identical with that of the sun. But I Suppose that thar 
Statement only refers to the blue and violet region, for according to 
Dr. Huggins, to whose early stellar photographs we owe go much, the 


aSon 


spectrum of Arcturus in the ultra-violet approaches that of Sirins. @ 


Further, though I am ready to agree with the general statemenp 
that the chemical elements in the stars are the same as those in the 
sun, and probably in not widely different proportions, I am not con. 
vinced that the difference in the Spectra of stars, which Mr. Lockyer 
ascribes to ascending and descending temperatures, are not due to 7 
real difference of constitution. jl 

We have no reason to believe that the nebule of the present day 
resemble our sun’s ancestor. Some of the stars which are now in an 
early stage of development may be forming through the condensation 
of matter which has been left over by others; and it would not be 
surprising if the youngest star did not agree in constitution with its 
aged companions. 7 3 q 

I now pass on to Say a few words on Mr, Lockyer’s final con- 
clusions.::—Most of us are convinced in our innermost hearts that 
matter is ultimately of one kind, whatever ideas we may have 


_ formed as to the nature of the primordial substance. That opinion 


is not under discussion. The question is not wh ether we believe in 
the unity of matter, but whether a direct proof of it can be derived” 
from the Spectroscopic evidence of stars ; for that is what Professo 7 
Lockyer claims. It must be observed that even according to him, 


* ‘Wied. Annalen,’ vol. 20, p. 156. 
T ‘ Wied. Annalen,’ vol. 20, p. 152. 








? ang q 
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:. do not witness in these stars the original formation of our 


S,ments; for bis own theory supposes the stars to be formed from 
pene fie matter originally cool, in which the metals, as we know 
. .. already present: What we see in these stars, as I under- 
# his theory, is a case of atavism, a temporary relapse of our 
st a into their original state. That may be so. It is in my 
-... as I have already stated, a perfectly legitimate hypothesis, 
shat at present has not been disproved, and for which, as well as 
0 


Dyeainst which, a good deal might be said, but I cannot admit the 


claim, that it is demonstrated. Nor do I believe that jt will be 
4 enerally accepted until some direct experimental evidence is 
sptained. The resources of our laboratories are not yet exhausted ; and 
zn have not arrived at the limit to which we can push the intensity 
of our electric sparks. If Mr. Lockyer is right we must look for- 


"ward to finding some trace of helium, or calcium, or hydrogen in the 


; ischarge taken from iron poles. When that is done, and not: till 
Phen, will this theory be considered as proved. | 


Additional Remarks by Mr. J. Norman Lockyer. 


j Mr. Lockyer, in his reply, pointed out that it was not open to him 
%o discuss the question of classification. He had been asked to 
prepare a paper on another subject, for the proper consideration of 
which the question of classification had to be referred to. Tf Pro- 
fessor Schuster, as he says he does, concurs generally in Mr. Lockyer’s 
scheme of classification, he must acknowledge that there must be a 
yery great difference in the amount of “ stirring”’ on the two sides 
of the temperature curve, and: that powerful convection currents 
must exist in the hotter stars in which the temperature is rising; and 
Fyet asa matter of fact the line absorption is very similar in both 


"arms of the curve. 


Mr. Lockyer has nowhere claimed that his hypothesis is the only 
‘one which can explain the facts, he only claims that it is simple and 


Sufficient. 


Note by Mr. Frank McCLEan, Sy On Comparative - 
| Photographic Spectra of Stars to the 33 Magnitude.” 


j The 160 photographs which accompany the paper* include, with 
insignificant exceptions, all stars equal to and brighter than the 32 
Magnitude contained in five out of eight equal areas, into which the 


Celestial sphere has been divided. 


m* The paper to which reference is made, and on which Mr. McClean’s remarks 
Were based, was read subsequently, at the meeting of April 8. 
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| Mr. Fr, McClean. 


The diagram shows the position of the eight areas consisting 
T'wo upper galactic polar regions, viz., A and AA. 
99 99 99 ZONES 99 B 99 BB. 
T'wo lower galactic zones yf MCL O@) 
5s i, be polar regions ,, D ,, DD. 


The galactic zones extend to 30° from the galactic plane. . 
The object of the division into equal areas is to bring out roughly 


any differences of distribution of the different types of spectra in 


relation to the galactic plane. ) _ 
The areas A, B, C, D, and AA are included in the present series. 


of photographs. Of these the first four constitute a complete hemi- 
sphere, symmetrically divided by the galactic plane, and the dedue- 


tions as to distribution have been made from them. | 
The stellar spectra have been arranged in series, and classed 


separately in the respective areas to which they belong. It appears 
at once that Secchi’s Type I requires further subdivision into dis- 
tinct classes. To effect this, a series of divisions in parallel to 7 
Secchi’s types have been adopted, in which Divisions I, II, and I 
ivisions [V, V, and VI to Types II, Til, 


correspond to Type I, and D 
and IV respectively. 


Classified tables of the stellar spectra are given, and previous 


classifications by Secchi, Vogel, Pickering, and Lockyer are indicated 


in separate columns. | 
Three lines of evidence are adduced to show that the helium stars 
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of Pivision L are in the first stage of stellar development from the 
gaseous nebule. Firstly, the correspondence of their absorption 
spectra With the bright-line. spectrum of the gaseous nebule, as 
Down by Campbell and others, igs pointed out. Secondly, it is 
shown that the photographic Spectra of the groups of stars involved 
or connected with, the nebule in the Pleiades and the great 
nebula in Orion are helium spectra of Division I. Thirdly, it is 
chown that the helium stars of Division I, and the gaseous nebule 
‘gre similarly distributed in the galactic zones. 

' The special characteristics of Divisions I, II,and III are discrimi- 
pated as follows :—Bright-line starg are classed in accordance with 
their absorption spectra. 

' Division I.—The Orion Stars, or the helium type. The general 
} haracteristics are the spectra of cleveite gas and hydrogen. The 
K line of calcium is usually wanting, 

| Subdivision (a).—There are, in addition, special lines, the source 


‘of which is unknown. The possibility is suggested of these being 


due to oxygen. Thalén’s spark Spectrum of oxygen is collated with 
the stellar spectra. : 

‘ Subdiviscon (b).—There are other special lines attributed to 
calcium, barium, and magnesium. These lines are persistent in sub- 
sequent divisions, and mark the order of transition from Division I to 
Division II. The helium lines gradually disappear. 

| Division [f.—Sirian stars, or the hydrogen type. The character- 
istics are :—Helium wanting—Very strong hydrogen—The K line 
msually sharply defined—A delicate line Spectrum due to calcium, 


Mitanium, and faintly to iron—a Cygni belongs to this type, and 


shows the characteristic line Spectrum exceptionally distinct—The 
ultra-violet spectrum is very strong. 


q Division HII. — Procyon stars, or the hydrogen - iron type. 
Characteristics :— Strong hydrogen—Strong K—Usually a full iron 
Bpectrum—T he violet spectrum still strong, and the red weak—The 


iron spectrum is collated with the photograph. This division com- 
Pletes the requisite subdivision of Secchi’s Type I 


Se Divisions IV, V, and VI are equivalent to Secchi’s Types IT, IIT, 


and IV. Division IV is the golar type, and on account of our 
Knowledge of the solar Spectrum it forms the basis of sidereal 
Spectroscopy. : , 

4 The block of Space explored by means of the photographs is n 
@ameter about seven times the mean distance of first magnitude 


Stars from the sun. This is equivalent to about 255 light-years. 


_ The following is the table of distribution of the stellar spectra 


here given. The distribution of the o 
: gaseous nebule, planetary and 
extended, has been added. i: a 























































































































































































































































































































216 Photographic Spectra of Stars'to the dd Magnitude. 


Table of Distribution of Gaseous Nebule and of Stellar Types 

Stars to the 34 Magnitude. : ; 

: aa ; 
ys \ae id 3 Sopa be (OP . | Lotal. 


a 


Planetary nebule ....| 2 (15). 
Extended __,, w otee (17) 





Total gaseous nebule . (32) 








Stellar Types. 





Divisione Te) 











Total stellar spectra | 35 38 | 26 |(130) | 
Note.—The gaseous nebule are those given in the table in Frost?s edition of 
Scheiner’s ‘ Astronomical Spectroscopy.’ 





We gather from this table that as the stellar types of spectra 
become more advanced they are found to be more evenly distributed ; | 
in space. The idea is suggested that stars of the solar type— 
Division IV—started their career as helium stars of Division La 


before the condensation of the galaxy. 


The Procyon stars of Division III followed in the same way after © 
the galaxy was formed. The paucity of stars of this type in the 
lower polar region, coupled with their even distribution in the other — 
areas, Suggests the idea that the sun itself is situated near the lower 


boundary of the galaxy. - 


The distribution of the Sirian stars, Division II, is anomalous, and © 
further information is required as to their distribution in the : 


southern areas. 


The Orion stars—Division I—are almost confined to the galactic | 
zones. It has been already conjectured that they are still in the first ; 


stage of stellar development from the gaseous nebule. 


It has been throughout assumed that the successive types or] 
divisions are merely the manifestations of the successive physical § 
states, through which every star naturally passes in the course of 


its career. 
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Table of Distribution of Gaseous N ebule and of Stella 


Aer Be Total. 


meee | 


Planetary nebule....| 2] 8 


(15). 
Extended 


” coos (17) 


Total gaseous nebule . 








(32) 








Stellar Types. 


Divisions [sk oh 6 6 
eo dT... Seach. 
gore Ul Li igen e, tes 
PUR = Vitae Me BE Ss 
) Virose aston 








Total stellar spectra | 35 | 31 








88 | 26 |(130) | 8 


Note.—The gaseous nebule are those given in the table in Frost’s 


edition of 
Scheiner’s ‘ Astronomical Spectroscopy.’ 


We gather from this table that as the stellar types of 7 
become more advanced they are found to be more even] 
in space. The idea is suggested that stars of the solar 
Division IV—started their career ag helium stars of Divi 


before the condensation of the galaxy. 
The Procyon stars of Division III followed in 


lower polar region, coupled with their even distribution in the other 
areas, suggests the idea that the sun itself is situate 
boundary of the galaxy. 


southern areas. 


The Orion stars—Division I—are almost confined to the galactic — 


zones. It has been already conjectured that they are still in the first 
stage of stellar development from the gaseous nebule. i 


It has been throughout assumed that the successive types or” 


divisions are merely the manifestations of the successive physical 


states, through which every star naturally passes in the course of 


its career. aq 
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Stars to the 34 Magnitude. 7“ _ 


2 Spectra 
y distributed” 
type— 
sion I; a 


the same way after 
the galaxy was formed. The paucity of stars of this type in the” 


d near the lower ™ 
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The distribution of the Sirian stars, Division II, is anomalous, and = 
further information is required as to their distribution in the — 
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of pathogenicity, like the other characters, is variable, as is 
iE tly shown by Dr. Kanthack’s experiments. 

gpunda> lusion, the results show that— 

© Jn cone Boaay forms occur in the Thames, some of which are 
y under certain conditions. 


ct th 


Po The “species” of the descriptive hand-books—principally 
- j—are frequently not species at all, in the botanical sense, but 
medica or growth-forms, the distinctive characters of which are 


the true species. 

types, which may turn out to be ’ | 

: . Be ectare derived from the behaviour of colonies are not 

Bent for the determination of species, and how far they may be 
gu 


ill only be eluci- 
employed in conjunction with other characters will only be e 


Hated by advances in our knowledge of the way the colonies are built 
. aat 


-., py the growing bacteria on the given media. ! 

. 4, The effects of definite changes in the environment on the media 
; bE great importance, but have hardly been noticed as yet. Plate- 
nics on gelatine, for instance, develop quite differently, according 


Who the condition of the gelatine; so that a feeble and slow-growing 
to 


pacterium produces colonies quite unlike those developed by the same 
{ fics when vigorous and quickly growing, not only owing to its 
BP liarities of growth as a feeble form, but also because the gelatine 


thas altered during the intervening period. 


5. The effect of changes of the environment on the growing 
: ° e oF . e ° t 
preanism itself 18 recognised as important. . 
2 With especial reference to the Thames bacteria, the past history 


"of the organism isolated from the river implies causes of variation. 


he river water is a poor nutritive medium, and the organism is 
‘exposed to great changes of temperature, light, movement, &c., during 


Pits sojourn therein. Consequently the time it has been in the river 
© affects the behaviour of the organism when isolated, just as we know 
Ghat a bacterium is affected by the previous conditions of its culture 
Din other media. Hence two colonies on a plate may look very differ- 
"ent, and yet belong to the same species, one being developed from a 


‘cell that had been many days or weeks in the water, the other from 


Fone that had only been there a few hours. it may need weeks or 
Tnonths of cultivation under constant conditions to establish the 
Pidentity of the two. 
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* On the Action exerted by certain Metals and other Substances 


on a Photographic Plate.” By W. J. RUSSELL, Ph.D,, 
F.R.S., Lecturer on Chemistry at St. Bartholomew’. 
Hospital. Received May 13,—Read June 17, 1897. 


Having some years ago prepared for the purpose of spectroscopic 
examination several uranium compounds, it was of interest to make 


further use of them by repeating some of the very important experi. 


ments which Becquerel has made with these compounds. He has 
shown that if the metal or some of its salts be placed on a photo. 


graphic plate in perfect darkness, and allowed to remain there for. 


some days, the plate becomes acted on, the action being rendereg 
evident by the ordinary photographic process of development. Thig 
action is readily produced, and belongs apparently to all the salts of 
this metal, and, as Becquerel has shown, to uranous as well as uranie 


Salts. It is very remarkable that this power belongs also to the 


salts when in solution, and, as the action passes through glass, soly. 
tions of the double chloride or of the nitrate contained in a thin 


glass bottle, when placed on a photographic plate, act readily upon it, 


While speaking of these compounds it may be well to record some 
experiments which have been made to determine whether they lost 
their peculiar activity on being kept in the dark. 

On the 10th August last, Specimens of yellow oxide, recrystallised 
nitrate, and chloride, the latter in Solution, were each divided into 
two equal portions, and all placed in similar clean thin glass bottles. 
One sample of each was then placed in total darkness, and the other 
kept in the light. These samples have from time to time been tested 
by placing them on a photographic plate for. a week and then 
developing the plate in the usual manner. Seven such examinations 
have been made at about one month’s interval. - No very marked 


difference between the samples in the light and the dark has occurred ; 


on the whole the samples preserved in the dark have proved slightly 
the most active, and this was decidedly the case with all three 
specimens at the last examination on March 26. Another experi- 
ment was begun a little later with the black oxide of uranium, which 
appears to be one of the most active of the uranium compounds; 
equal weights of a sample of this body were ‘placed in two similar 
pul-boxes with a glass bottom; one has been kept in the dark, and 
the other in the light; after five months there was no difference in 
the effect which they produced on the photographic plate (Plate 2) 
‘The experiments are being continued. When repeating these different 
uranium experiments and using a card painted with the yellow oxide, 
perforated zinc was made use of simply as a screen to show the 
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activity of the uranium compound by the density of the picture of 
the pattern formed, but in place of obtaining in all Instances a 
negative of the perforated zine, 7.c., the action occurring where the 
plate was exposed, and none where covered by the zine, the reverse 
took place, and the greatest amount of ‘action occurred underneath 
the zinc. This happened over and over again, and even when the 
experiment was varied in different ways, so that the only explanation 
of the action was that the zinc itself must be able to effect a change 
of the same kind as the uranium, at all events, to act on’a phcto- 
graphic plate, and further experiment with zinc alone proved this to 
be the case; later on it became known to me that R. Colson had 
already described this action of zine in a paper in the ‘Comptes 


-Rendus’ in January last, and had‘also found that similar results 
could be obtained with cadmium and with magnesium. He 
explains this remarkable action as due to vapour given off by these 


metals. 

Both before and after seeing the account of Colson’s work a large 
number of experiments have been’ made-with zinc under different 
conditions, and there igs no doubt of the ease and certainty with 
which the results can be obtained. The zinc, as Colson states, must 
be bright; if well rubbed with coarse sand-paper it is most active : 
probably this may, to some extent, arise from inercase of surface; if 
cleaned with acid or with caustic alkali it is not so active, and zine in 
its ordinary condition after exposure to the air ceases to be active. 
The salts also have no power of acting in this way. <A polished 
piece of zinc laid on a highly sensitive photographic plate will, under 
certain conditions even in four or five hours, so act on it-that on 
development a complete picture of the zinc ig produced, showing 
the scratches or any ruled lines or faint pattern drawn on it, 
or if flaws in the metal exist they are clearly seen. A shg¢ht 
pattern produced on zinc by pressing on it a piece of white net and 
then rubbing it down with fine emery or sand-paper will give a 
picture in which the pattern is very evident. In fact, such a pattern 
forms a satisfactory test of this action of the zinc. Very slight altera- 
tions of the surface are shown in the picture. Absolute contact of 
metal and plate is not necessary. If screens of different thicknesses 
of any inactive substance be interposed between plate and metal, 


thus preventing contact, the action still occurs; if the screen be 


very thin, a picture of the zine surface is still obtained, but if 
thicker, only a dark cloudy patch is formed. Stil] further, if a 
thick piece of glass tubing an inch long be placed on a photographic 
plate, and the upper end covered with @ piece of polished zinc, in a 
week to a fortnight distinct action will be found to have taken place 
below the zine. Since the action than is not one of mere contact, 
the next point was to ascertain whether it would be transmitted 
2H 2 
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through different solid or liquid media. Glass, even of the thinnest 
kind, was found to stop the action, but many other substances alloy 
of its transmission. For instance, the action takes place readi] 
through celluloid, sheet gelatine gutta-percha tissue, collodion, vege. 
table parchment, real parchment, gold-beater’s skin, tracing papep, 
and no doubt many other bodies. With all these bodies experj_ 
ments have been made by placing the medium first in contact With 
the zinc and the photographic plate, then by introducing Screen go, 
as to prevent the medium from touching the zinc, and then Placing 9 
second screen so that. neither zinc nor plate were in contact With 
the medium. The screens were made of different materials, most 
commonly of either white cardboard or sheet indiarubber, and of 
different thicknesses. The details of each experiment need not be 
here described, but the general results obtained are that with thin 
sheet gelatine, either red, green, or blue when laid on the zine, the 
action readily passes through, and a good clear picture of the surface 
of the zinc is obtained, and even with two sheets of gelatine & 
similar effect is produced. With thick sheet, gelatine interposed 
the action on the plate still takes place, but of course the ex. 
posure must be longer. Warm solutions of gelatine were painted 
on polished zine and allowed to harden; the action took place 
through such layers as readily as through the films. With screens, 
used as before described to prevent contact the gelatine still allowed 
the action to take place through it. Thin sheets of celluloid about 
0:28 mm. in thickness allowed the action to take place through them, 
and sheets 0°81 mm. in thickness also allowed the action to be trang. 
mitted. Again, gutta-percha tissue was found to act in the same 
kind of way as the gelatine and celluloid. The other media experi- 
mented with, although possibly not so uniform and continuous in 
structure as the foregoing, also allow this action to be transmitted to 
them. 

Gold-beater’s skin and tracing paper both allow the action readily 
to pass through, and pictures of the zinc are readily obtained. If 
either of these bodies be placed between a piece of perforated zine 
and the plate, the perforations are very distinctly shown, or if they 
be placed between a double screen with corresponding holes cut, a 
picture of the holes is readily obtained. ) 

Both vegetable and real parchment are also transparent to this. 
action, but not so much so ag the previously-mentioned substances ; 
the vegetable parchment is more transparent than real parchment. 
When in contact with the zinc a picture of the zine surface is 
obtained, but this is somewhat modified by the substance of the 
parchment. , 

If different kinds of ordinary papers, such as writing and drawing 
papers, be interposed between polished zine and a photographic 
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Jate, interesting results are obtained, for the pictures formed 
ghow Clearly the structure of the papers, and also show that papers 
have very different powers of transmitting this action. Certain 
writing papers are quite opaque to the action; with others pictures 
of the structure and the watermark are easily obtained. 

The painting a paper with India ink does not destroy its trans- 
parency. Obviously pictures of bodies, such as skeleton leaves or 
,dried flowers, éc., are easily obtained in this way. 

A mere difference of colour does not appear to alter the absorptive 

ower of a medium; at least, this is the case with gelatine. The thin 
sheets of gelatine, whether red, green, or blue, have no difference in 
their absorptive power, and when gelatine, coloured with aniline dyes, 
is painted on polished zine, the colour does not affect the amount of 
action which takes place. The same thing happens if demy paper 
be painted with different coloured solutions of gelatine. With ordi- 
nary pigments different results are obtained, but these results need 
not be discussed on the present occasion. 

In addition to the metals cadmium and magnesium, mentioned by 
M. Colson, there are certainly many others which are able to produce 
effects similar to that produced by zinc. There are also certain 
alloys which can act in the same way. The following is a rough list 
of active metallic bodies approximately in the order of their activity : 
mercury, magnesium, cadmium, zinc, nickel, aluminium, pewter, 
fusible metal, lead, bismuth, tin, cobalt, antimony. 7 

The above order, even if not absolutely correct, is sufficiently so 
to indicate that, although mercury 1s the most active, the other 
metals do not follow in the order of their fusibility or exactly accord- 
ing to any obvious physical property, but most nearly according to 
their position in the electrical series. Mercury is, then, at ordinary 
temperatures the most active metal, and its action is exercised not 
only when the photographic plate is placed half an inch or so above 

the metal, but when gelatine, gutta-percha, tracing paper, vegetable 
parchment, are interposed. It appears, however, that the action of 
the mercury does not take place as readily through gelatine, but more 
readily through gutta-percha than is the case with zine. 
_ Magnesium is also a very active metal, and very good pictures, 
showing every scratch on its surface, are easily obtained ; also very 
marked effects are produced when both single and double screens are 
used. Cadmium also produces very good pictures, and is rather 
more active than zinc; nickel and aluminium are not quite so active, 
but give good pictures; then follow lead, bismuth, and tin. The 
dast metal is by far the least active. Only a few alloys have at 
present been experimented with; brass gives no action, but ordinary 
pewter, and fusible metal, consisting of lead, bismuth, and tin, 
were found to have considerable activity, and are placed in the 
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list between aluminium and lead. That certain alloys shoul 

the same way as the metals is certainly of interest, and prob ‘. 
considerable importance. The oxide and sulphate, both of a | 
cadmium, were found to be devoid of any power of acting a ang 
photographi¢ plate. Iron, gold, and platinum, are not activa : : 
copper only very slightly. All the above results are foundes, 
experiments in which the exposure lasted for one week; with Jo , 
exposure other metals will probably produce some action, _ “Ber 
In order to determine whether moisture was an active agent e | 
directly by affecting the medium or indirectly by aifecting 
graphic plate, experiments were made by exposing the plates y daa 
bell-jars, in which in one case there was water, and in the a 7 
sulphuric acid or calcium chloride, and even in these extreme Cageg 


ithep 


no appreciable difference was found to occur, and even jf thal 
e 


-membrane was purposely damped it did not appear to aid the action. 
except by bringing it closer to the metal, so that aqueous vapour ua 
not apparently an active agent in producing these reactions. 4 
atmosphere of hydrogen the action takes place as it does in aine 
Carbon dioxide, under ordinary conditions, does produce an effecg | 
but this probably arises from its action on the zinc plate. Altera 
tion of temperature produces very marked effects; increase tha 
temperature, and the action of the zinc is greatly increased ; fort 


instance, two similar plates, both wrapped in tinfoil and the 


plates separated from the zinc by means of a cardboard frame. 


One was placed on a water bath and exposed to a temperature of | 


about 70° C., and the other placed in a vessel of ice at 0° G. Aftep 
five hours the one which had been exposed to the high temperature 
had given a black picture, while the one at the low temperature cave . 
a picture barely visible. A similar experiment was also made with 
nickel, and this gave, after heating to about 70°, a good dark picture, | 
but the corresponding experiment, when the metal wag kept at 0° 


for five hours, gave no picture at all. Aluminium, when treated in 


the same way, gave at the higher temperature only a faint picture, - 


but at the lower temperature, even after two days, no picture at all, 


It has already been mentioned that this action of the metals cannot 
_pass through even thin glass, nor can it pass through selenite, nor @ 
layer of gum arabic, nor one of paraffin. Glass being impervious to 


the action, renders it somewhat difficult to try satisfactorily the © 


action exerted by liquids, but celluloid may be used for this purpose; 
also mercury may be covered with a thin layer of water, and then its” 
action entirely ceases. The action of certain salts in the dry state 7 
has, however, been tried by soaking non-glazed paper in different 
solutions, drying it, and then placing it, either with or without a- 
screen, between the zinc and the photographic plate. These experi- 


ments have given some interesting results; for instance, paper ~ 


* ia 
ly of — 


ments 


the Photo. 
aris 
phot | , Vee 
Yon. The experiment was repeated several times, and always with ‘the 
“same result; but the pictures seemed rather too good, darker than 

> those given by the zinc alone, and on trying the copal on plain glass. 
“snstead of on zinc it proved that effects apparently similar to those: 
‘obtained with zinc were produced. What is known as picture copal 
“answers very well for these experiments. That prepared by Winsor: 
"& Newton has been used. This is painted or poured on a clean, 
"warm glass plate, and allowed to harden completely. The plate can 
"then be used in the same way as the zinc plates. If a photographic 

i plate be laid on the hardened varnish for two to seven days, a picture 
‘of the varnish, showing the streaks it happens to have dried 
By, is produced. If screens be interposed so as'‘to’ prevent con- 

© tact between the copal and the plate, the action still occurs, and, in 
" fact, readily passes down a tube 1 inch long. ‘Therefore, as with the 

' zinc, any figure cut out in an inactive screen is readily produced on the 

— photographic plate. Substances which are transparent or opaque to 
’ the action of the metals seem to act in the same way towards copal. 
' It is rather more active than zinc. Glass is perfectly impervious to 
its action, but celluloid, gutta-percha tissue, and gelatine it per- 
"meates more readily than zinc does. The activity of the copal varies 

| considerably under different conditions., If the powdered gum be 

© sprinkled on a glass plate and then fused, it is not so active as when 
" picture varnish isused. If the solid gum be dissolved in pure alcohol. 

' and ether, and applied to a glass plate as before described, it is far 
" more active than after fusion. Heating it in a water bath for a con- 
siderable length of time certainly deprives it of a considerable 

' amount of its activity; but this can be revived by wetting it with 
ether and allowing it again to dry at ordinary temperatures. As 
' with zinc, increase of temperature increases its activity to a great 
| extent. Experiments similar to those with zinc were made with 
' copal. A coated glass was exposed to a heat of about 70°, and a 
Similar one was kept at 0°. This one after five hours gave only a 
| taint picture, whereas the heated one gave a dark picture, and a con- 


In an 
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d in the following solutions, alum, potassium chromate, Zine 
ate, and quinine sulphate, renders the paper quite opaque to the 
f the zine. | : 


; gake 


gulph 
action © 


' No doubt this action of alum accounts for certain papers not 


Jlowing the action to pass through them. Some singular develop- 
of this subject have arisen from experiments made while 
amining the metals. A piece of polished zinc was coated with 


Z 
4 


“ex 


opal varnish with the object of ascertaining whether the action 


‘gould take place through such a medium, and in case it did, as it 


“4 was thought at the time, of demonstrating that the action could not 


e from metal vapour. The experiment was quite successful ; the 
ographic plate, notwithstanding the varnish, was strongly acted 
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siderable amount, of action took place even through the ea, 
Screen. Many other bodies of -the same nature as copa] ne Coa 
Same way. This has been proved to be the case with. Da 
with Canada balsam, but copal seems to be the best reproseitl ie ang 
the class. Certain gums, such as gum arabic, gum senega] a of 
the property of acting in this way. There are, however oe 2 
number of bodies which have the power of acting in he : larg, 
similar to the copal; one of these is wood, and it Possesgea il : 
considerable amount of activity. Any ordinary smooth piece a y 
laid on a photographic plate will act like zine in Im presgsj a : 
picture on the plate. — 
A section of a young larch tree gave a good picture g}, 
clearly the different rings and the layer of: bark, which wa. 4° 
darkest part of the picture. The same section, when a ail ie 
gelatine was interposed between it and the plate, still gave a . 
picture. Wood which ig thoroughly dried and hardened is also alll 
to act in the same way. ble 
A piece of mahogany 35 mm. thick, which had been in “a 
form for at least thirty-five years and been carefully preserved ’ 1 
a dark cupboard, gave after a week’s exposure a good nich 
and the bottom of an old cigar-box acted equally well. Bodied 
such as straw, hay, bamboo, oiled silk, and, no doubt, many other 
act in the same way. If wood, however, be painted with melted 


ay 
Ff 


paraffin, it is no longer active. Ordinary charcoal also depictg 
itself on a photographic plate, but if it be heated for some hou 


in a covered crucible it loses this property. An ordinary piece of 
wood, if it be charred on one side by heating it with a Bunsen 
lamp, becomes remarkably active, as shown by placing it behind 
& screen with a pattern cut out. The action passes readily through 
different media, such as gelatine, tracing paper, &e., vegetable. 


parchment, &c., and the structure of the charcoal ig shown, when 
the action has taken place, even through a sheet of vegetable 
parchment. Coal and coke, sulphur, sugar, on the other hand, 
exert no action of this kind. When trying whether a copy of al 
lithographic picture could be obtained by placing behind it a plate gq 
of zinc, some curious results occurred. It would seem that printer’s 


ink in most cases is not capable of acting, like copal, on a photo- 


graphic plate, but that there are many cases in which it isaremark- | 
ably active substance. Specially so is the ink used in printing many © 
of the newspapers. The ‘ Westminster Gazette,’ for instance, is 
printed with an ink which very readily acts on a photographic plate. — 
A portion of this paper with printing on only one side, laid with 
the blank side on the photographic plate, in a few days vives a 
remarkably black and distinct picture. If there be printing on ~ 
both sides, then two pictures are obtained, the darker printing 


pec? 


™ the | sheet, The ‘Standard’ and ‘ Daily Graphic’ are also very 


OWin O 


m of — 


> plate. 
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ming most evident on whichever side it may be. Interpose a 
for instance, of gold-beater’s skin, and still the picture is 


ot ad: 
obtai? d the ‘ Times’ only a little less so. The ‘Evening News’ 


. 2 tives an. 


only slightly active, and the ‘Morning Post,’ ‘ Pall Mall,’ ‘Echo,’ 
> ily News’ have not the property of acting in this way; at 


Pd ‘Dai 


‘east, those copies experimented with had not. An admission ticket 
© ine Society of Arts laid on a photographic plate, the ink away 
tO 


; om the plate, also gave a very distinct picture. 
j Another singular case of an action of this kind was met with 


q hen experimenting with the uranium salts. Not having a sufficient 


umber of small, clear glass bottles for a certain set of experiments, 
L 


one of the compounds, the black oxide, was placed in a pill-box, 


pelieving that the action of the uranium would take. place through 
the bottom of the box, and on developing the plate a dark circular 
space where it had stoed was visible. The experiment was, there- 
fore, considered very satisfactory, and, with different salts and for 


‘different objects, 1b was several times repeated. Ultimately it 
‘seemed evident that the uranium salts acted more strongly when in 


pill-boxes than in any other way, and on placing a pill-box without 


‘any uranium salt in it on a photographic plate it was found that 


action had occurred, as shown by the dark circular space produced. 

' The experiment was repeated over and over again, with the result 
that most pill-boxes have the power of acting on a photographic 
Both new and old pill-boxes from different sources were 
experimented with, and almost all of them found to be active. 
There are, however, exceptions, and these, it was noticed, were 


always the more expensive and elaborate boxes. On examining 


the structure of a pill-box it was found that it is usually made of 


) what is known as strawboard, covered ‘with a thin white paper ; 
"on separately testing these two materials it was apparent that 
the white paper was without action on the plate, and that the 


‘strawboard was very active and produced exactly similar effects to 
‘those produced by the active pill-boxes. The inactive ones proved 
‘to be made of white cardboard, which is not an active substance. 
Samples of strawboard from several different sources have been 
‘tried, and all found to be active, and when separated from the 
photographic plate by means of screens, like the copal and the zinc, 
1t gives a clear action. Different substances of a like nature have 
been tried, such as brown papers, &c. Some of them are more or 
less active, but none more so than common strawboard, Mr. Bevan 
"Was good enough to examine a piece of this active strawboard, but 
Was unable to find any material other than straw present. Writing 
Paper and, as mentioned before, white cardboard have not this power 
Of acting on a photographic plate, but many kinds of brown paper 
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and no doubt many other bodies have the propert 
boxes in which photographic plates are packed are 
board, but as the action does not pass through glag 
but little or not at all acted on; but if a plate be la 
in one of these boxes and left there for a week it wi 
ciably affected. If a small piec 

protects the film beneath, and shows clearly the amount 
which’ has” oceurred. If -a- box of this kind be paint é ‘ 
with melted paraffin, this action does not take place. It " 
that a few months before making the above experi a 
were in progress in which black net was placed on a 
plate simply to show clearly whether the plate had been a ted 
and continually a reversed picture was obtained; thig at i “— 
could not be accounted for, but now the experiment a 


Je Many ’ 
made of a th; 


sid, 
Penge, 


it there for some days; then on development a clear picture of ae 
net was produced. The action is due to some material in the py the 
dye, for white net does not act in the same way. ack 

The action of the vapour from a few liquids on a sensitive plat . 
been tried. The plate was placed abéut half an inch above the f 
and a screen, with holes cut in it, was fastened against the plate 
Methylated spirit acted slightly on the plate; pure alcohol and a 2 
had no action; benzene, coal-tar, crude wood spirit, linseed oil i 
had no action, but turpentine and oil of cloves produced a g 
amount of action. | 

Such, in outline, is an account of the experiments which haa 
already been made on this subject. One point hag led on a 
another, and some of the results were SO unexpected that the experis 
ments had to be repeated many times before full credence could. Wis 
given to them. On the present occasion it is desired to do litt 4 


if 


more than record facts ; further experiments, it is hoped, may lead to 


explanations not now evident. The supposition that all these active 


substances, the metals as well as organic bodies, give off a vapeur 


capable of acting on a photographic plate, naturally suggests itself, 
and that copal does give off a vapour which directly or indirectly is 
active there can be no doubt. At the same time, it is at leas t 
difficult to suppose that the activity of such a body as strawboard 
should, after the treatment it has undergone, give off at ordinary 


temperatures suflicient vapour to produce the effects described, and 


the same applies to old dry wood, &c. Still more interest attaches 
to the action of the metals; do they emit a vapour so delicate in con 
stitution and in such a quantity that it can readily permeate celluloid 
gelatine, &c., and produce a picture of the surface from whence ib 
came, or is it a form of energy (possibly what has been called dark 
light) that these bodies emit? Zine kept and polished in the dark 


Chi Or 


ments others 
P hotog raip hic 


: - was made 
Simpiy Placing the black net on the photographic plate and leapt 


196 
u us 


quid, 


also, 
light 
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one of its activity. An experiment has been made with the 
Bact of reflecting the zinc action from glass. This did not succeed; 
p* Der this arose from the glass not being capable of effecting such 
lection, or whether a fortnight was not sufficient time to produce 


joses © 


a this way ® visible effect, is not known, but the experiment is being 
D 


~ neated. A photographic plate, suspended film upwards over a 
. plate, was acted on round the edges in the way one would 
pO a a vapour to act. A similar experiment is being made over a 
” late. The action of glass proves that there is at least a marked 
4 B exice between the action exerted by metallic uranium and that 
C 


y zine and other metals. 


> Tt should be stated that it is only the most sensitive photographic 


lates Which, without extremely long exposures, give the results 
Se cribed. The Mawson plate has generally been used in the fore- 
CLOR 


.. ping experiments, but the Ilford special rapid plate acts equally 
= D 


well, and Edwards’ isochromatic snap-shot plates are particularly 
Mensitive to the action of the uranium salts. Lumiére’s extra rapid 
‘yre not so sensitive as the Mawson and Ilford plates, and stili less 
‘sensitive are the same firm’s plates for yellow and green, and for red 
, nd yellow. © Other sensitive plates have not been experimented 
with. 


v 
A 


On the Relative Behaviour of the H and K lines of the 


, Spectrum of Calcium.” By Wituiam Hvuaerns, D.C.L., 
» L1LD., F.R.S., and Mrs. Huecins. Received May 27,— 
Read June 17, 1897. 3 


[PLATE 4.| — 


a The remarkable relative behaviour of the lines in the spectra of 
‘certain substances as they appear at and near the sun’s limb, and in 


‘the atmospheres of stars of different classes, has long been before 
‘our minds as a problem of great interest, which there is reason to 
“believe is capable of solution by the methods of the laboratory, and 
‘on which we have worked from time to time for many years. 
Without waiting for the results of other. researches which are in 
“progress, we think that it is desirable to put on record some definite 
‘Yesults on the behaviour of the lines of calcium, which appear to us 
‘to be conclusive, and of great importance in forming a correct inter- 
pretation of many solar and stellar phenomena. | 

| As early as 1872, Professor Young from a few weeks’ work at 
Sherman on the spectra of the chromosphere and of the prominences, 
was able to point out that “ the selection of lines séems most: capri- 
“cious; one is taken and another is left, though belonging to the same 
“element, of equal intensity, and close beside the first.” Especially 


. he noticed that while the H and K lines of calcium are almost always 
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1h 


observable, the strong blue line as well as the other lines of a 
metal are very seldom seen. In his table of the chromospherig : i 
Professor Young gives for the frequency of this strong blue 3. 
small number 3; while for the frequency of H and Kean 
respectively the high numbers 75 and 50. 7 

_ From 1863, when I mapped the spectrum of calcium 
spark from metallic calcium* I have constantly used 
calcium as a comparison Spectrum in stellar work. Th 
was familiar to me that as the quantity of calcium galt on the elen 


€ Slveg 


trodes became very small, H and K continued strong even when ¢ha™ 


0 they 


other calcium lines had almost disappeared. The Sug gestio 
occurred to me, that this behaviour of the lines might furn; 
to the phenomena which take place near the sun’s limb. 


Sh a elye 
We were encouraged to use this experience as a guiding thoy ht 


in the experiments about to be described, by the consideration thas 
in the higher solar regions, where H and K appeared alone of the 


calcium lines, the density must be much less than at the lower level of 
the reversing layer. It seemed very probable that in the Simple fag} 


of difference of density, lay the true explanation of the modifications 


of the calcium spectrum ag they are presented to ug in solar and 
stellar phenomena. . 


The problem before us was, therefore, to find out by experiments | 


in the laboratory, under what conditions the lines of calcium othey 
than the lines H and K, and in particular the strong blue line at 
4226°9, were so greatly enfeebled relatively to H and K, that they 
became quite Insignificant, or even disappeared altogether from the 
Spectrum, leaving the very simple spectrum of the two lines H and 
K, or nearly go. | @ 

Professor Lockyer states that -—< Some of the substances which 
have been investigated, including iron, calcium, and magnesium, 


have probably a definite Spectrum, consisting of a few lines, which” 


can only be completely produced at a temperature higher than any 

which is at present available in laboratory experiments,” (‘ Roy. 

Soe. Proce.,’ vol. 61, p. 205.) 4 
In the case of calcium :— 


(4) A spectrum consisting of the two lines at 3705:18 and. 


373708 and the H and K lines, corresponding to a temperature 
higher than the average temperature of the Spark, as before ex- 
plained.” (Ibid., p. TON.) ; 

“Such a spectrum was not actually obtained, but experiments with 
a large intensity coil Suggested that by a still greater increase Of 
intensity of the spark such a simple spectrum might appear. The 
intensity of the strong blue line was reduced to one half of H and Kk, 
(Ibid., Table, p. 162.) 4 


PeP hil; Trans.,’ 1864, p. 139. 





line the 
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4 . and Runge found 106 lines of the calcium spectrum to 
the series of triplets; among the remaining lines they 
pelons . a pairs with constant differences of wave-frequencies. 
pointed H and K, with a difference of wave-frequency of 2229, 
o more refrangible pair at 3737:08 and 3706-18, with a differ- 
ane 


: ence 223°1. 


srs. Humphreys and Mohler in their experiments on the effect 
J _ on the wave-lengths of metallic lines, found that in the 
. calcium, the H and K lines were shifted only one-half ag 
ease 


nas the blue line at 4226°9. We know far too little to justify 
muc 


‘n forming any theoretical conclusions from this peculiarity of 
pe 10 


Myehaviour. Indeed there are no certain reasons why the lines of any 
pe 


a Id be equally shifted. 

r ees fe soldat in common with nearly all sub- 
4 4 gives a more complex spectrum under the conditions of the 
as ark than under those of a flame. Now in the Fraunhofer 
gare a e a. as first shown by Kirchhoff and Bunsen, absorption 
a of the Sloménts which correspond, speaking broadly, with those 
F “- bright-lined spectra of the same substances as they are pro- 
Bad by the spark. In order, therefore, to study the modifications 
Bich the calcium undergoes in the higher regions of the chromo- 


© sphere, in the prominences, and possibly in lower parts of the corona, 
be ’ 


as well as in the atmospheres of stars of different orders, it was 
iplearly desirable that we should start with an ordinary spark spec- 
Pn It was suggested to us strongly by the known rarer state of 


Be the gases in the regions above the photospheve, as well as by my 


long experience with the behaviour of calcium in comparison spectra, 
hat the modifications of the calcium spectrum which we were seeking, 
‘would be likely to show themselves under conditions of greatly 
reduced density of the calcium vapour. 


Haperiments. 


' For reasons which will be obvious later on, we elected to use 
throughout the experiments a spark of very small intensity. 4 . 
1. The break of a 6-inch Apps coil was fixed at the position of 
smallest acting force of the spring. So much battery power only 
was employed as would be just sufficient to move the break. Under 
these conditions, when a jar was not in connection, the feeble spark 
would not pass when the distance between the points exceeded 


Blt inches. ° 


2. In all the experiments a jar was intercalated. 

8. The same length of exposure, a very short one of a second and 
a half, sufficient to bring out only the strongest lines of the spec- 
tum, was used in each experiment. 
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4. Two sets of similar experiments were made; in one case With 


electrodes of platinum, and in the other with electrodes of iron, J] 


the latter case the chief lines of iron were present with those of 


ealeium. 


ah 


Method adopted for reducing the Density of the Calcium Vapour, 


(a) The spark was taken between electrodes of. metallic calcium. 
Tt was assumed, as was confirmed by the appearance of the Spark, 
that with metallic calcium for electrodes, the largest amount of 
calcium vapour would be present. ! 
(6) The tips of the electrodes, iron or platinum, were slightly 
moistened with a strong solution of caleic chloride. : 
(c) The tips were sligh tly washed with pure water. 
(d) The tips were again washed with pure water. | 
(e) The tips were then shghtly moistened with a very weak solution, 
made by adding a drop of the strong solution to 2 ounces of water. 
Our expectations were completely confirmed. Under the condi. 
tions (a) of greatest density of the calcium vapour, when metallic 
calcium was employed, the blue line was as strong and possessed the 
same diffuse character as H and K. 3 ; 
As the density of calcium was reduced, the lines were not found tow 
be equally enfeebled, but, on the contrary, the blue line and the greater 
number of the lines were increasingly reduced in intensity relatively 
to H and K, until at last with the twice washed electrodes (d) the 
Spectrum was simplified to the condition usually existing in the pro- 
minences, in which H and K only are present. 
We now proceed to a more precise statement of the changes of 


relative intensity as they are presented in the photographs which 
accompany this paper. : 


Description of the Photographs on the Plate. (Plate 4.) 


A. Photograph of the spark when both electrodes consist of 
metallic calcium. Here we have present doubtless the largest 
amount and greatest density of calcium vapour. The winged 
character of H and K, of the blue line, and of the pair more refran- 
gible than H and K, is well seen, showing that thig appearance 
comes out when the gas is dense. If the greater extension of the 
wings of H is allowed for, and the line H carefully distinguished 
from the fine lines close to it, it will be seen to possess very nearly 
the same strength, both as regards width and length, as the blue line 
at 4226°9. The strength of this blue line under this condition of 
density is about the same as that of the line at 3737, and rather 
greater than the line beyond at 3706. 
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B. Spark taken with one electrode only of metallic calcium, the 
other electrode being of platinum. In this case the effect of a 


amaller density of the calcium vapour is clearly shown in the greatly 


yeduced wingedness of the lines. It will be remarked that the 
diminished density has had the greatest influence on the pair at 3737 
and 3706; these lines are now much less strong than the blue line, 
which still holds its own, and remains about as strong as H and K. 
The lines of the more refrangible pair are no longer diffuse at the 
edges. 

C. Spark taken between platinum electrodes moistened with a 
strong solution of calcium chloride. Here the effect of a smaller 
quantity of vapour begins to tell strongly upon the intensity of the. 
blue line relatively to H and K. It may now be estimated at less 
than one-fourth of the intensity of H. At the same time, H and K 
have almost completely lost their diffuse character, and have become 
thinner and more defined. 

D. The electrodes as left in the former experiment were slightly 
washed with pure water, leaving a trace only of caleium chloride. 
There is, as might be expected, an advance in the enfeeblement of 
the blue line and of the more refrangible pair, relatively to H and K. 

H. The electrodes were again slightly washed with pure water, so 
that a still smaller trace of calcium ciiloride must have remained 
apon them. The enfeeblement of the blue line and of the pair has 
now become very great, while H and K, though thinner, remain 
strong. 3 

PF. The electrodes were once more washed with pure water, 
reducing still further the trace of calcium chloride which remained 
upon the platinum wires. The blue line has now practically dis- 
appeared, and the refrangible pair become very thin. The H and 
K lines have become thin and defined, as they usually present them- 
selves in the prominences. 

G. The electrodes remaining as they were left after the last ex peri- 
ment (I), the spark was taken upon a background consisting of a 
faint solar spectrum. The blue line has now completely disappeared, 
leaving H and K strong. 

H. Once more the electrodes were washed, with the expectation of 
having removed completely the last remaining trace of calcium. To 
our surprise, when the photograph was developed, the lines H and 
K came out alone. The more refrangible pair had now faded out as 
well as the blue line. H and K were now thin, and extended but 
a short distance in the spectrum. | 

It must be remembered that. the only condition which was varied 
during this set of experiments was the amount or density of the 
calcium vapour. The changes of relative intensity, and the modifi- 

cations of the calcium. spectrum produced thereby as shown in the 




















































































































































































































































































































































































































488 Dr. W. Huggins and Mrs. Huggins. Relative Behaviour 


succession of photographs on the plate, correspond closely to the 
behaviour of calcium at different levels near the sun’s limb, and in 


the atmospheres of stars of different orders. There can remain little 


doubt that the true interpretation of the changes in appearance of 
the calcium lines in the celestial bodies is to be found in the different 
states of density of the celestial gases from which the lines are 
emitted or by which they ave absorbed. 

A similar set of experiments was made with iron electrodes 
Precisely similar results as to the relative enfeeblement of the lines. 
as with calcium chloride on platinum electrodes, were obtained. Of 
course the iron lines were also present. As might be anticipated, in 
consequence of the simultaneous presence of the jron vapour, the 
lines of calcium were thinner than when platinum was used. 

Outside the range of wave-lengths which could be conveniently 
given on the plate, far on in the ultra-violet, there is a pair of strong 
lines which behave very much as H and K. It remains visible in 
photograph H, when the pair at 3737 and 3706 have disappeared, 
This pair is situated at 3158-98 and 3179-45. | 

It is desirable to point out again that all the photographs on the 
plate and the far ultra-violet lines, were obtained with a spark of 


quite unusually small Intensity, which was purposely made as little 


hot as possible, in order to emphasize the important fact that the deter- 
mining condition of the Spectral changes under discussion is not one 
of increase of temperature. 

In the modifications of the calcium spectrum arising from varia. 
tions in the relative intensities of the lines which have been discussed 
in this paper, and which correspond to those observed in the celestia) 
bodies, there does not appear to us any reason for assuming, much 
less any direct evidence in favour of, a true dissociation of calcium, 
that is, of its resolution into chemically different kinds of matter. 

It would be remarkable if, by decomposition through increase of 
temperature, a large number of lines of a Spectrum should become 
relatively enfeebled, and that as the result of decomposition a 
spectrum should become simpler, and not as analogy would suggest, 
more complex. | i 

It is of importance to keep in mind that the recent chemical -use 
of the word dissoctation is not equivalent to true decomposition, i.e., 
to a resolution of the original substance into two or more chemically 
different kinds of matter. It may, and ddes often mean not more 
than a different arrangement of the parts of the molecule, while 
those parts are all chemically matter of the same kind as the 
original molecule. Ag in the case of the resolution of a com- 
pound molecule of peroxide of nitrogen-into two identical half 
molecules; or, in the Separation of a molecule of elementary 
lodine into two half molecules or atoms of identical chemical 
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characters. Such dissociations are well known, and are not of 
infrequent occurrence, and may, indeed, take place in connection 


with some of the spectral changes of a substance observed under 


different conditions. On the other hand, a true decomposition of a 
chemical element, that is,a breaking up of the molecule into simpler 
and quite other kinds of matter, though a notion familiar to chemists 
since Prout’s time, and regarded as theoretically possible, is, as yet, 
unknown as a matter of fact. 


Conclusions. 


These experiments seem to us to furnish an adequate and consistent 
explanation of the behaviour of the calcium: lines at and near the 
sun's limb. Near the photosphere where the absorption mainly 
takes place, by which the dark lines of the solar Spectrum are 
formed, there would be, we should expect, a much greater density of 
calcium vapour than ata higher level, and we find the Fraunhofer 
line at 4226°9 strong but much less broad than H and K. The 
recent photograph of the reversing layer shows that the broad 
shading of H and K is not produced there, but probably, as Prof. 
Jewell concludes from his measures, lower down where the gas 1s 
still denser, which is in agreement with photograph A on the plate. 

Higher up in the chromosphere, in the prominences, and possibly 
in the lower coronal regions, the decrease of the density of the gases. 
composing them must be rapid, and the temperature gradient as 
determined by expansion must be also rapid. We have clearly to do, 
in these regions, with calcium vapour in a rarer state, and except so 
far as the molecules may have carried up within themselves to some 
extent the higher heat of a lower level, or through imperfect trans- 
parency, the gases may have received heat from the sun’s radiation, 
it must be at a much lower temperature than near the photosphere. 


Now, the changes of the calcium spectrum which take place in these: 


regions, are those which correspond in our experiments to a very 
small amount of calcium vapour, and a spark of small intensity. 
On account of the violent commotion which must exist through 


the strong convection currents at the sun’s limb, we should not be 


surprised to find some calcium vapour, notwithstanding its greater 


density, carried high up together with the lighter substances such ag. 


hydrogen and helium. Our experiments show how strongly the H 


and K lines may come out when a trace only of calcium vapour is. 
present, and so,itseems to us, offer a possible explanation of the great: 


height at which these lines may be sometimes recognised, At no 


very great distance from the surface of the sun the gases must. 


become tov tenuous to give a visible spectrum; but it may well be that 


the brilliant radiations of even very rare calcium gas at H and K 
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may show in our instruments for some distance after the hy droge, 

and the other light matter associated with it, have become too subtle 

to furnish a spectrum that we can detect, 1 te 
The relative behaviour of the lines of the calcium spectrum ag the 


present themselves in the different orders of stellar spectra when a 


4 ARK SPECTRA SHEWING EFFECT OF DENSITY ON THE 
: DATIVE INTENSITIES OF THE LINES OF GCALCIUM- 


Ri ch eth: 4h 4 eS 


¢ 


Proc. Roy. Soc., vol. 61, plate 4. 


Fp 
t 


interpreted by the terrestrial experiments described in this Paper. * 4 
will throw much light on many. of the important questions which 


are still pending in celestial physics. In forming conclusions ag to 


the state of the stellar atmospheres from the different densities which 4 


may be indicated by the modifications of the calcium Spectrum, jj 
must be borne in mind that, as I have said elsewhere -— 

“The conditions of the radiating photosphere and thoge of the 
gases above it, on which the character of the spectrum of the stay 
depends, will be determined not alone by temperature, but algo } 
the force of gravity in these regions; this force will be fixed by the 


star’s mass and its stage of condensation, and will become greater ag 


the star continues to condense.’* 

It may be, though on this point we have as yet no sufficient data, 
that though the stars are built up of matter essentially similar to that 
of the sun, the proportion of the different elements is not the Same in 
stars which have condensed in parts of the heavens widely distant 
from each other, or at epochs greatly separated in time. 

It does not seem desirable to discuss any of these questions at the: 
present time, as we hope before long to offer some explanation of 
the, to some extent analogous, relative behaviour of the lines of 
some other substances as observed in the sun and stars, 


[The following letter from our friend Professor Liveing, which he 
has given us permission to publish, contains an account of early 
experiments on the spectrum of calcium which not only support, by 
a different method of working, the conclusions of our paper, but also 
seem to suggest the possible occurrence of the line H without the line 
K. In our experiments both lines were always present, the line K 
being longer and stronger than H; conditions of the calcium lines 
which are in agreement with the photographs of the prominences 
taken by Hale and by Deslandreg. 

“I have been looking up some observations of Dewar’s and mine 


en the H and K lines of calcium made in 1879. We found that — 


when we used, for the arc, carbon poles which. had been heated for 
two. davs in chlorine to remove metals, the calcium lines were not at 
first visible in the arc, but after a time H was seen alone and not 
strong; after a further time, K was Seen, and then other calcium 
lines came out. No doubt the calcium had been pretty well removed 
from the carbon rods to some depth, but not entirely from the 


* Address, ‘ Brit. Assoc. Report,’ 1891, p. 15. 






























































































































































































































































































































































Further Observations of Enhanced Lines. 


j f. sor, so that as the carbon burnt away in the arc the calcium in 
di interior became manifest. 
) «Again, we found that when we used a perforated pole and passed 
©. stream of hydrogen into the are through it, H and K could be 
eh entirely obliterated; but by then reducing the current of gas 
Bey gradually reappeared, and H always came out first and after- 
4q yards K; and H remained stronger than K, until they had both 
| resumed their ordinary appearance. This observation was repeated 
several times. het 
' «Both sets of observations, those with the purified carbon poles 
Pd those with the perforated pole, seem to me to confirm your con- 


\ 


{ Jusions. 
| “Jn the case of those with the perforated pole, the stream of 


h drogen diluted the calcium vapour, and the degree of dilution wag 
gontrolled by the rate at which the gas was introduced. The mass 
‘of gas passing was too small to reduce the temperature by any 
considerable amount, or even, I should think, to any sensible 
amount. 

' “We found also that metallic lithium, introduced into the are, 
produced eifects similar to those produced by hydrogen, that is, that 
it reduced very much the strength of the H and K lines. If more 
than a very minute piece of lithium were introduced, the arc was 
jnvariably broken, so that we did not notice the complete oblitera- 
tion of H and K with the lithium. — 

' “The reduction of the Strength of H and IK, ‘in™ this case, I 
‘attribute to the dilution of the calcium vapour by that of lithium.” 
| —ZJune 25. | 


& Purther Observations of Enhanced Lines.” By J. NoRMANn 
BoOcKY HR, C.B..iE.R.S.....Received May 12,—Read June 17, 
1897. 


' Ina recent paper I gave an account of a series of experiments 
p having for their object the determination of the lines which were 
enhanced in the Spectra of iron, magnesium, and calcium, on passing 
trom the are to a high temperature spark, and I pointed out the 
Presence of these lines in the Spectra of the hotter stars and in the 
Solar chromosphere. 
| The spectra of the following additional elements have since been 
Mvestigated in a similar manner, and the enhanced lines have been 
tabulated and compared with chromospheric and stellar spectra. 























































































































































































































































































































442 Mr. J. Norman Lockyer, 


List of Additional Elements examined for Enhanced Line 
es, 


Aluminium. Lead. Sulphur, 
Antimony, Lithium. Tantalum. 
Barium. Manganese, Tellurium. 
Beryllium. Molybdenum. Thorium, 
Bismuth. Nickel. Titanium, 
Carbon. Niobium. Tin. 
Cadmium. Palladium Tungsten, 
Cerium. Potassium. Uranium, 
Chromium. Rhodium. Vanadium. 
Cobalt. Silicium. Yttrium (and 
Copper. Silver. Erbium), 
Erbium (and Sodium. Zine. 

Yttrium). Strontium. Zirconium, 
Lanthanum. 


The list of lines is not given here for the reason that SO far + 4 
series of comparisons with a Rowland grating of 21 ft. rading ‘i 
complete. Nevertheless the approximate wave-lengths - already 
determined are of the same order of accuracy as those of the chro i 
spheric and stellar lines, and the Supposed coincidences depend vi 


8 not 


the occurrence of several lines of a given substance rather than © 
ay 


upon an absolute agreement in the deduced positions of any sinele 
line. “ j 


In the former paper I drew attention to the fact that while thea 


enhanced lines of magnesium (4481°3) and calcium (H and K) 
remained feebly visible in the hottest stars included in the disenas 
sion, the enhanced lines of iron vanished entirely in such stars, andl 


were thinner than those of magnesium and calcium in stars which 


are approaching the highest temperature as determined by the length 


of the Spectrum in the ultra-violet. Similar differences of behaviour 


have also been noted among the substances which have since been 
investigated. q 


7 . e 4 
These differences in the case of metals of the iron and calcium 


groups are shown in the following table, in which the stars are’ 


arranged in the order of temperature previously deduced from the | 


discussion of the lines of iron, magnesium, and calcium, and the 
name ot each substance considered is placed opposite that of the 
hottest star in which its enhanced lines remain visible. 


Tt thus appears that while calcium remains visible up to the hicheal | 


temperatures, the enhanced lines ‘of strontium probably cease to be 


visible at temperatures higher than that of y Cygni, while those of © 


barium have not yet been certainly traced in any of the stars. The 
order of appearance of the metals of the calcium group thus con= 


forms with the chemical order. Of the metals of the iron group, © 


Further Observations of Enhanced Lines. 


i Er eT manne sernn aimee nals Seal & Uaienenois Sei enna oPavent enn TP 
| Name of Star. Calcium group. Iron group. 


2 pees eee 


= 
Bellatrix 
g Tauri - Fe, Mn. 
Rigel Co, Ni. 
n Leonis 
a Oygni 
y Cygni Sr 
a Tauri — 
a Orionis [ Enhanced lines of barium 
probably do not ap- 


pear | 


‘jron and manganese show their enhanced lines at temperatures as high 
ast Tauri, while cobalt and nickel do not extend higher than Rigel. 
' Among the substances recently examined, the case of silicium is of 
special interest. The enhanced lines of this substance, two of which 
“have wave-lengths about 4128°6 and 4131-4, are amongst the most 
‘conspicuous lines in a Cygni and remain distinctly visible even in 
Pellatrix, after the lines of iron, manganese, nickel, and cobalt have 
_yanished. In its stellar behaviour then, this substance resembles Ca 


and Mg. 


So far as the work has gone, the comparison of the enhanced lines 


| with the spectrum of the chromosphere reveals several facts of im- 
‘portance. In the case of iron, I have already pointed out* that the 
™ enhanced lines were aJl present in the chromosphere during the 
© eclipse of 1896,.and most of them in that of 1893, their intensities 
' being greater than those of the corresponding Fraunhofer lines. 
| Many of the characteristic arc lines of iron also appear in the 
"chromosphere, but the presence of the enhanced lines with such 
great intensities indicates that at least in some parts of the chromo- 
| sphere the temperature of the iron vapour is considerably higher 
_ than that of the iron vapour which is most effective in producing the 
Fraunhofer lines. A similar result is obtained when other sub- 


stances are considered. The special importance of the enhanced lines 
in the chromosphere is shown by the following figures relating to 


“substances which have been most completely studied :— 


No. of enhanced lines of Fe, Mg, Ca, Mn, Ni, Co, Ti, so far 
Hapulated in the region F to K ...2<.. 000s os oees ) hGle 


_ No. of these lines photographed in eclipse of 1893 ........ 


Percentage of enhanced lines of Fe, &c., in eclipse lines of 
No. of enhanced lines photographed in eclipse of 1896 .... 
Percentage of enhanced lines of Fe, &c., in eclipse of 1896... 


* ‘Roy. Soc. Proe.,’ vol. 60, p. 475. 









































































































































































































































444 The Total Solar Eclipse of August 9, 1896. 


These numbers show that the chromospheric spectrum ‘is 
composed of enhanced metallic lines in addition to 
hydrogen and the cleveite gases. 

In the Fraunhofer Spectrum enhanced lines may be regarded 
wanting, for in the case of iron and Magnesium, at least, the a 
appear with the feeble intensities which they have in the a 
spectrum, while the characteristic arc lines are strong. Here they a 
find the cause of the dissimilarity of the chromospheric and Fra x 
hofer spectrum which is indicated by the following figures :— “_ 


the linge 
e 4 
ines of 


No. of Fraunhofer lines tab 
5694, 


164 


No. of lines photographed in the same region, eclipse 
1896 


Clearly then, the chromosphere as photographed in the eclipses of 
1893 and 1896, is a region of high temperature in which there jg 
corresponding simplification of Spectrum as compared with th 
cooler region in which the Fraunhofer absorption is produced, 


a 
e 


“The Total Solar Eclipse of August 9, 1896. Report on the 
Expedition to Kid Island.” By J. Norman LooxyeEr, ©.B., 
F.R.S. Received May 15,—Read June 17, 1897, 


(A bstract.) 


The observing party consisted of Mr. Fowler, Dr. W. J. Lockyer 
and myself, and the selection of Kig Island as an observing station 
was rendered possible by the grant of the services of H.M.S. « Volage.” 
Although the expedition failed in its main objects, because of 
unfavourable weather, it ig considered desirable to put on record an 
account of the arrangements which had been made to secure observa- 
tions, more especially as a new feature was introduced in the train- 
ing of a large number of officers and men to take part in the 
observations. | , | 

Profiting by the experience gained in previous eclipses, prismatic 
cameras of the highest available powers were taken out, as well as a 
powertul integrating Spectroscope. . To supplement the work of these 
photographic instruments, a number of prisms and small slit 
Spectroscopes were provided for use by such assistants as were 
available. The voluntary services of 74 officers and men of H.M.S. — 
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“ Volage”’ made it possible to extend the original programme so as 
to include records of all the attendant phenomena. 

The paper gives an account of the preparation of instruments and 
huts, and of the organisation of the “Volage’’ observers into 


parties for different branches of the work. For the benefit of others. 


who may be similarly circumstanced on future occasions, full 


; particulars of these working parties and the instructions issued to 


them are included in the paper, and the arrangements for working 
the larger instruments are also described. 

On the morning of the eclipse the sky was almost entirely overcast, 
and the sun was quite invisible during totality. 

No photographs were obtained, but some observations of tempera- 
ture, colours of the landscape, and the general phenomena of totality 
were secured. As shown by two thermometers screened from the 
direct rays of the sun, the temperature fell 0°9° F. from first contact 
to totality, and rose the same amount between totality and last 
contact. A fully exposed thermometer at another place indicated a 
fall of 65° F., and a subsequent rise of 1°5° F. during the same: 
intervals. 


“Qn the Classification of Stars of the § Cephei Class.” By 
J. Norman Locxysr, C.B., F.R.S. Received May 17,— 
Read June 17, 1897. 


Introduction. 


The spectrum of 6 Cephei is one of a group with special character- 
istics. While containing a great number of fine metallic lines, giving 
it more or less the same general appearance as the solar spectrum, it 
shows many lines which are either faint in the solar spectrum or are 
altogether absent. In a former paper* I showed that the spectrum 
is practically identical with that of y Cygni, which my previous 
work had indicated to be a star of increasing temperature.+ 

The chief argument which I had employed in favour of placing 
y Cygni on the ascending'side of the temperature curve was based on 
the presence of certain special lines, which occur with increased im- 
portance, in the spectrum of « Cygni, which differs very widely from 
the solar spectrum, and has a close relationship to the Orion stars. 

Further, the association of a special kind of variability with some 
of the stars having a spectrum of this type seemed to strengthen the 
view that the constitution of such stars must be vastly ditferent from 
that of the sun. Dr. Vogel, however, has’ classified two stars of 
the same group as 6 Cephei, namely, 7 Aquile and 10 Sagittee, 


* “ Roy. Soc. Proc.,’ vol. 59, p. 103. 
+ ‘Phil. Trans.,’ A, vol. 184, p. 718. 
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with the sun in his Class IIa, and more recently Dr. Scheiner }, 
placed another star of the group, a Persei, between « Cygni and a 
sun, It is right to add that Drs. Vogel and Scheiner differ : 
considerably as to the classification of a Cygni, and this stil] furt] 
complicates matters. al 

It will be seen that the question between the two classifications ;, 
a very sharp one. Is the difference between stars like é Cophal 
and stars resembling the sun solely due to a temperature differ. 
ence, as it is on Vogel’s view, or does it in part represent sage 
contend, a physical difference between the two classes, since re m 
view stars like 6 Cephei consist of uncondensed swarms of meteorite 
of increasing temperature, while those like the sun are masses a 
vapour in which there are photospheres and relatively quiet atmo 
spheres ? ; 

Since the work recently communicated to the Royal Societ 
enables me to go still further forward, I propose to discuss in ne 
present paper the points relating to the classification of stars of the 
6 Cephei class. 

In Vogel’s classification all stars are regarded as cooling bodies 
while one of the chief points of mine is the distinction between stars 
which are getting hotter and those which are becoming cooler 
Thus, while stars like 6 Cephei and those like the sun are: grouhel 
together by Vogel in his Class IIa, they are in mine divided into two 
groups, Group III including 6 Cephei and Group V the sun. 

When I first suggested the new classification I fully recognised 
the difficulty of separating Groups III and V. Thus I wrote in. 
1888 :— 

“With our present knowledge, it is very difficult to separate those 
stars the grouping of which is determined by line absorption into 
Groups III and V, for the reason that so far, seeing that only 
one line of temperature, and that a descending one, has been con- 
sidered, no efforts have been made to establish the necessary 
criteria.”’* 
In the following year I gave the results of some visual observa- 
tions of stellar spectra which seemed to justify the separation of the 
stars with line spectra into two groups, and to suggest the necessary 
criteria for distinguishing them.t 

Soon after this a photographic investigation of stellar spectra was 
commenced at Kensington, and as a result of that work the conclu- 
sions at which I had arrived from a discussion of the eye observations 
were confirmed. The additional details shown by the photographs 
enabled me to extend the classification given in 1888.f 

* * Roy. Soc. Proc.,’ vol. 44, p. 27. 


+ ‘Roy. Soc. Proe.,’ vol. 45, p. 380. 
¢ ‘ Phil. Trans.,’ A, vol. 184, p. 125 (1893). 
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Stars resembling y Cygni formed the sub-group IIIp. 
In November, 1895, I gave an account* of the spectra of five short 
eviod variable stars, 6 Cephei, 7 Aquile, ¢ Geminorum, T Vul- 
peculee, and S Sagitte, and pointed out that these belonged to the 
game sub-group as y Cygni, which, however, is not a variable star ; 
x Urse Minoris has also a spectrum which has since been recognised 


‘to be identical with that of y Cygni and 6 Cephei, while a Persei 


differs so slightly from them that it may also be classified with 
them. 

These I now group together, and for convenience of reference I 
designate them the 6 Cephei class. 


Dr. Vogel’s Classification. 


Only two of the stars which have been mentioned as belonging to 
the 6 Cephei class, namely, » Aquile and S(10) Sagittee, were 
included in Vogel’s spectroscopic Durchmusterung, published in 1&83, 
and both are classed without further comment as stars of Class Ila.+ 
This type of spectrum was thus defined: “ Spectra with very numer- 
ous metallic lines, which are easily known by their intensity, espe- 
cially in the yellow and green. The hydrogen lines are for the most 
part strong, but are never so broad as in the case of Class Tai In 
some stars the lines of hydrogen are faint, and in these faint bands 
can be generally recognised in the less refrangible portion of the 
spectrum.” 

So far as Vogel’s classification serves as a guide, then, all the stars 
of the 6 Cephei class would be classed with the sun. : 

Dr. Scheiner has discussed one of the stars of the 6 Cephei class, 
z Persei, in some detail.{ Attention is specially drawn by him to 
the differences between the spectrum of a Persei and that of the 
sun. | 
In the following table I have brought together the lines of « Persei 
which Dr. Scheiner states to be more intense than in the sun, and 
have compared them with 6 Cephei and « Cygmi as photographed at 
Kensington. The remarks in the last column are those made by 
Dr. Scheiner with regard to the spectrum of & Persei. 


* ‘Roy. Soc. Proe.,’ vol. 59, p. 108. 
+ ‘Public. Astr. Obs. zu Potsdam,’ vol. 3, p. 200. 
t ‘Public. Astr. Obs. zu Potsdam,’ vol. 7, Part I, p. 329. 
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Special Lines in « Persei. 





OT ae erat a Bo ane erent 
3 Cephei a Cygni 
a Persei (Lockyer), (Lockyer); 
(Scheiner), A Rowland. A Rowland 
A Potsdam. Maximum Maximum 
intensity = 10, intensity = 10. 


f 


Remarks on « Persei 
(Scheiner), 















































4290 +2 4290 “7 (8) 
4306 °3 4306 *4 (5) 
4310 *1 +e 

4313 *4 4313-8 (4) 
4321-4 ? 

4331 +O 4331-1 (6) 
4344.07 4344, °5 (5) 


4375 *2 4375 ‘0 (10) 
P 


4387 -2 ; 
4391 +4 4391 -4 (5) 
4394, +4, 4394 °4 (6) 
4400 ‘O—4400°9] Broad line 
44 4411-0 (4) 
4413 °6 (1) 


4451 *1 (5) 
4462 *0 (5) 
4465 *0 (2) 
4468 -4, (6) 
4471 °1 (3) 


(8) 


4290 *7 (4) 
? 


4318 °8 

4321°3-(2) 
4331°1 (2) 
4344.°5 (2) 
4375 0 (2) 


4400 *O (4) 


4417-4 (7) 
4451-1 (4) 


4468 *4 (5) 
44'71-0 (2) 


Stronger than in sun. 


93 39 
No corresponding solar line. 
Stronger than in sun. 
Much stronger than in sun. 
Stronger than in sun. 


99 3) 
Much stronger than in sun. 
Stronger than in sun. 


bP) 39 

$5 bP) 

as) ed 
No solar line. 


39 33 


99 39 
Stronger than in sun. 
” 9 


99 9? 


39 3 
No solar line. 

















































































































44781 (3) | 4473-1 (2) 
4481-3 (7) 4481 *3 (9) 
4489 *3 (5) 4489 « 
4492 ‘0 (3) 44.92 - 
4501 °5 (7) 4501 
4508°5 (5) 4508 * 
4515 °6 (6) 4515 ° 
4520°5 (3) 4520 ° 
4534°3 (7) 4534.° 
4545 *3 (6) 45AS - 
4549 *9 (7) 
4564°1 (4) 
4572°0 (5) 


Stronger than in sun. 


3) 3) 
39 9) 


9 39 
Much stronger than in sun. 


OU ON 


99 >P 
Stronger than in sun. - 


39 99 
Much stronger than in sun. 


2 OL 0D Ch CD 


99 bP) 
Stronger than in sun. 


“NS 


99 39 


a 
Or 
JT 
bo 
© 
Nees, 


9) 3) 


Dr. Scheiner also remarks on a few of the special lines of « Urses 
Minoris, another member of the 3 Cephei class. My own photo- 
graphs show almost absolute identity with 6 Cephei, so that a special 
discussion of this star would be superfluous. 

Tt will be seen that the special lines of z Persei are nearly all 
present in 6 Cephei and « Cygni, and that they are all either faint in, 
or absent from, the solar Spectrum. 

The spectrum of 6 Cephei has been investigated by Belopolsky,* 
and he gives a table Showing that it differs in many respects from 
that of the sun. Attention is specially drawn by him to some of the 


* * Ast. Nach.,’ No. 3338, ps 19. 
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lines which are strongly marked in the spectrum of 6 Cephei as com- 
pared with corresponding lines in the solar spectrum photographed 
with the same instrument. A. discussion of these differences shows 
that the more special lines of 6 Cephei, like those of « Persei, are 
minent in « Cygni. ae 
Er aiesite of these ane Dr. Scheiner classes « Persei with 
stars like the sun, but regards itas a transition stage between a Cygni 
and the sun. He says: ‘‘ From the general conclusions, the Seng 
list gives us quite a curious and important result. i one ee 
these lines with those in the spectrum of « Cygni, which is of specia 
interest as an advanced spectrum of Class 1d, one finds that, out of 
sixty lines in « Cygni, twenty-one occur in the list, and all of these e 
a Persei. The fact, therefore, remains that nearly half the lines la 
in the spectrum of « Persei show divergences when. compared ieee 
the solar spectrum appear certainly in any case in the spectrum o 
gni and determine its peculiarity. | 
/ ale ow « Cygni belongs to Class Ib, « Persei to Class Ta, and the 
plausible conclusion appears to me, therefore, that O Persei ae pre- 
viously a spectrum similar to that of « Cygni, end that in this case 
we have the missing connexion between Id to IIa.’ * a 
The spectrum of « Tauri, which, as I shall show, must be eae 7 
as a condensing swarm, closely resembles that of the sun; so tha | 
Dr. Scheiner’s evidence would equally place « Persei intermediate 
between « Tauri and « Cygni. 


Difficulties connected with Vogel’s Classification. 


The close association of stars like 6 Cephei with those like a Cygni 
makes it here important to discuss the place of a Cygni in V ee 
classification. With regard to this star Dr. Scheiner writes : The 
spectrum of « Cygni, in spite of the large number of its lines, has es 
resemblance with that of the sun. While it is possible to identity 
most of the lines with solar lines in respect of their position, yet the 
total lack of agreement as to intensity of the lines makes many of 

identifications worthless.” + 
a Scheiner has classified « Cygni in Vogel’s Class Iv, which was 
thus defined in Vogel’s original classification: “ Spectra in which 
the metallic lines are few in number, and very faint ot entirely 
imperceptible, and in which the hydrogen lines are lacking. 
In view of the photographic results obtained at Potsdam, the 
last clause in this definition was corrected in 1888, so ne iti oe 
“and the strong hydrogen lines of Type Ia are lacking.” t This ca 
again been modified by Dr. Scheiner, and the characteristics of 

* “ Potsdam Observations,’ vol. 7, Part II, p. 381. 

+ Scheiner’s ‘ Astronomical Spectroscopy ’ (Frost’s translation), p. 247. 

£ ‘ Ast. Nach.,’ vol. 119, p. 97. ! | 
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Type Ib are stated as. « Spectra in which the hydrogen lines and 


the few metallic lines all appear to be of equal breadth and of : 


Sharp definition.”* It is on the ground of this greatly modifieg 
included with stars like Rigel in Class Ib, 
is not prepared to accept Dr, Scheiner’,y 
He writes: “However justifiable 
y sharp spectral lines of the Starg 
's of the same kind as 


S 
0, which has 
materially different Spectrum 3 “4 


In the same paper Dr. Vogel brings forward a new definition of, 


his Class Ib in the following terms: |“ Spectra in which, besides the 
still dominant hydrogen lines, the lines of cleveite gas Woneak and 
above all the lines ), 4026, » 4472, 0 5016, and . 5876 (Ds). The lines 
of calcium, magnesium, sodium, and iron are also more or less 
mumerous in spectra of this subdivision.” 

This new definition excludes g Cygni from Class Id in Dr. Vogel’s 
Opinion, and he places this star in Class Ia 3 of his extended classifica. 
uot of Spectra of the first class. This sub-class is thus defined - 
Spectra in which the calcium line 1 3934 has nearly the same 
intensity as the hydrogen lines. In occasional instances it ig stil] 
sharply defined at the edges, or it may be broader and more intenge 
than the hydrogen lines, and very diffuse, forming with the hydrogen 
line He(X3970), which is greatly intensified and broadened by the 
calcium line \ 3969, a conspicuous pair. : 

fan the Spectra of this division the lines of the cleveite gas cannot 
be recognised ; on the other hand, numerous strong lines of different 
metals, particularly lines of iron, are always present, The lines of 
hydrogen are stil] always dominant. Hy is plainly apparent amon 
the peher lines, and the group G is less conspicuous than Hy, This 
subdivision forms the direct connecting link with the specie 
class 1D in which the hydrogen lines no longer play a prominent part 
™m comparison with the lines of other metals,’’t 

According to this definition, « Cygni is cl 


to that of the sun. 


It is clear, then, that « Cygni cannot be classified satisfactorily on 
the supposition that all stars are cooling, 


rf Scheiner’s ‘Astronomical Spectroscopy’? (Frost’s translation), p. 245. 
T * Astrophysical Journal ’ (1895), vol. 2, p. 348, 
t ‘Astrophysical Journa] ’ (1895), vol. 2, p. 344. 











On the Classification of Stars of the 8 Cephet Class. 451 


heference to the Old Hvidence of Two Series. 


In previous communications to the Royal Society I have stated the 
evidence which shows that in stars of Group II, such as « Orionis, 
the occurrence of radiating carbon vapour is an indication that these 
stars, like comets, consist of uncondensed swarms of meteorites.. 
Since the temperature of a condensing swarm of meteorites must be 
increasing, in accordance with thermodynamical principles, stars like 
a Orionis must be placed on the ascending arm of the temperature 
curve, The photographs show that the spectrum of stars like 
a Tauri is almost identical with that of « Orionis so far as the lines are 
concerned, and since one of the flutings in the red in the spectrum of 
a Orionis also appears in 2 Tauri, this star must also be regarded as 
one of increasing temperature. 

The discussion of the Kensington photographs led me to place 
y Cygni next to « Tauri in the series of stars with increasing tem- 
perature,* and we now know that 6 Cephei must be classed with this 
star. I pointed out that the spectrum of x Cygni “has much in. 
common with that of a Tauri, but there is less continuous absorption, 
and many of the lines of « Tauri thin out. The next step to « Cygni 
is rather along one, but it seems very probable that if more photo- 
graphs were available intermediate spectra would be found. tt will 
be seen, however, that in « Cygni the hydrogen lines are intensified 
as compared with y Cygni, and thatall the important lines of « Cygni 
agree in position with prominent lines in y Cygni In passing 
to Rigel the more important lines of « Cygni are retained , and a few 
new lines make their appearance.” 

My argument was, then, that with an increase of temperature a 
star like « Tauri would develop into one like 6 Cephei, which, with 
further increase, would pass through successive Stages represented by 
a Cygni, Rigel, and Bellatrix. To justify this it is accordingly 
necessary to show greater reason for associating 6 Cephei with 
a Tauri than with a star like the Sun, which we know on other 
grounds to be cooling. 

From the great similarity of the line spectra of « Tauri and the 
sun, it is clear that the argument will not entirely depend upon the 
identity of lines in the spectra of «Tauri and 6 Cephei, but upon 
general and specific differences between 6 Cephei and the sun. 


Hvidence from Enhanced Lines. 


In a recent communication to the Royal Society,¢ I have shown 
that the investigation of the lines enhanced in the spark spectra of 


* «Phil. Trans.’ (1893), A, vol. 184, p. 708. 
fT ‘Roy. Soc. Proc.,’ vol. 61, pLISik:. 
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metals has enabled me to apply new criteria in the classification of 
stellar spectra. , 


A study of these lines shows at once that 6 Cephei is hotter hia | 


either « Tauri or the sun, and that the difference between its spectrum 
and that of « Tauri or the sun is certainly in part due to this diffep. 
ence of temperature of the absorbing vapours. The lines Which 
are stronger in 6 Cephei than in the sun include many of those which 
have been found to be enhanced in the spark spectra of metals, go 
that they are no longer to be regarded as unknown lines. Similarly, 
many of the lines of « Cygni for which no origins could previously 
be assigned have been shown to be lines of common metals under con- 
ditions of high temperature. Still, the mere presence of the enhanced 
lines in a star spectrum affords us no criterion as to whether the 
temperature of a star is increasing or decreasing. But I have also 
shown that if we take the relative intensities of the enhanced lines 
and the arc lines as an indication of stellar temperatures, and in thig 
way bring together a sufficient number of stars of about the same 
temperature as y Cygni or 6 Cephei, such spectra may be divided 
into two well-marked groups, of which y Cygni and Castor may be 
taken as types. The chief generic differences between the two 
groups of stars at the temperature of é Cephei were thus summarised 
in the paper to which reference has been made :— 


0 Cephei. Castor. 


(1) Considerable absorption in | (1) Very little continuous ab- 
ultra-violet. sorption in ultra-violet. 

(2) Hydrogen lines relatively | (2) Hydrogen lines relatively 
thin. | very thick. 

(3) Metallic lines of moderate (3) Metallic lines relatively 
intensity. feeble. ie 


I further showed that these differences are simply and sufficiently 
explained on the supposition that stars Ike y Cygni and 6 Cephei 
‘are uncondensed swarms of meteorites, while those like Castor, which 
have about the same mean temperature, are stars approaching the 
‘condition of the sun in which photospheres and relatively quiescent 
atmospheres have formed. The foregoing considerations indicate 
that there are three chief periods in the history of a star during its 
‘stages of luminosity :— 

(1) A period during which it exists as an uncondensed swarm, when 
‘the “atmosphere” is disturbed by meteoritic bombardment from 
without. 

At this stage the atmosphere is a mass of heterogeneous vapour 
‘at various temperatures and moving with different velocities in 
different regions. 
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(2) A period of complete vaporisation during which the atmo- 
sphere is quiescent, bombardment having ceased, and the radiation 
being too great to permit condensation in the atmosphere. 

(3) A period of cooling during which the atmosphere is disturbed 
by the fall of condensation products from the outer parts of the atmo- 
sphere on to the photosphere. 


Hvidence that we are not dealing with Composite Spectra. . 


Many of the lines in the spectra of stars of the 6 Cephei class 
coincide with prominent lines in the spectrum of @ Cygni, but it is 
true that many also coincide with lines in the Spectra of stars like 
z Orionis and Arcturus, which closely resemble the solar spectrum. 
It seemed possible, therefore, that we might be dealing with the 
integrated spectra of two stars in close proximity, one having lines 
resembling those of « Orionis or Arcturus, and the other those of 
a Cygni. The spectra of all the stars of this sub-group have accord- 
ingly been very carefully investigated from this point of view. 
Enlarged glass positives of z Cygni and Arcturus on exactly the 
same scale have been superposed, and the integrated spectra photo- 
graphed. When this integrated spectrum is compared with y Cygni or 
6 Cephei, there is a considerable similarity, but the relative intensi- 
ties of the various lines and the general appearance of certain parts 
of the spectrum, especially about G, are quite different. Again, if 
there were two bright bodies physically connected in such a star as 
y Cygni there must be a revolution and a consequent doubling of the 
common lines, unless the plane of movement were perpendicular to 
the line of sight. No signs of such doubling, however, have been 
detected in any of the eight stars of the sub-group which have so far 
been recognised, and it is quite improbable that the plane of revolu- 
tion would be at right angles to the line of sight in every case, and 
still more so that the two components would have identical spectra 
in each of the eight systems. 

Spectra, of the 6 Cephei type must, therefore, be taken to repre- 
sent a particular stage in the orderly development of cosmical 
bodies. 


Hvidence from Variability. 


Further, evidence in favour of placing stars like 6 Cephei and 
y Cygni on the ascending arm of the temperature curve is afforded 
by the fact that stars of this class present a special form of vari- 
ability. This variability is similar in kind, but different in degree, 
to that associated with stars of Group IT, such as Mira. The follow- 
ing table shows that the amount of variation is very much less than 
that in variables of the Mira type :— 


———— -- ——S > FOOGT AR MIL ESE TRIS NR A 
——~ —— 
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Interval from Viawiati 
min. to max. oun Remarks. 


a 4 
0 Cephei......,.. 


¢ Geminorum .... Very r egular, 


Period slowly — 
lengthening. 


n Aquile ... Slightly inregulan 


S(10) Sagitte .... 
T Vulpecule .... 


Mira.. ee@eec eveoeoe es 


It will be seen that the luminosity at maximum is from about tyo 


(0'8 magnitude) to three times (1:2 magnitudes) greater than at q 


minimum, while the forms of most of the light curves resemble the 
majority of those of the Mira class in the relatively steep ascent to 
maximum. A constitution more or less similar to that of the Mira 
class is therefore indicated. : 

I have already shown that in such variables as Mira the presence 


of bright carbon flutings indicates a meteoritic structure.* Here the _ 


variation has a much longer period than in é Cephei, but it is on| 
necessary to suppose that 6 Cephei is more condensed, so that revoly. 
ing swarms of short period will be alone effective in producing 
collisions at periastron, as I pointed out in 1889.7 

A recent discussion of all the available observations of 7 Aquile 
by Dr. William J. S. Lockyert has shown that the hight curve of 
this variable can be best explained on the supposition of three 
meteor swarms moving around their centre of gravity. In this 
way not only is the general form of the light curve satisfied, but 
the smaller irregularities discovered by the author are also easily 
accounted for. 


Hence, by placing stars of the é Cephei class on the ascending q 


arm of the temperature curve, the variability of certain members 
of the group finds a ready explanation. I am not aware of any satis- 
factory explanation of the 6 Cephei type of variability in which a 
constitution resembling that of the sun is assumed, and to my mind 
such a variation in a star constituted like the sun is impossible. 


» 


* “Roy. Soe. Proc.’ (1887), vol. 43, p. 180. 

T ‘Roy. Soc. Proe.,’ vol. 46, p. 420. 

~ ‘Resultate aus den Beobachtungen des verinderlichen Sternes » Aquile’ 
(Inaugural-Dissertation, Gottingen, 1897). 
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General Conclustons. 


The final result of the discussion of the spectra of stars of the 
3 Cephei class is to show that they must be placed on the ascending 
arm of the temperature curve, at a stage higher than stars like 


q z Tauri,in which the mean temperature is not very different from 


that of the sun. Stars of equal temperature on the descending side 
of the curve, of which Castor may be taken as a type, show pre- 
eisely the same lines, the enhanced and cool lines having the same 
yelative intensities, but with inverted intensities of the hydrogen and 
metallic lines, and with somewhat less continuous absorption in the 


> ultra-violet. The difference between stars like 8 Cephei and those of 


the sun is therefore partly due to a difference of temperature.and 
artly due to a difference of physical condition such as is demanded 
py the meteoritic hypothesis. This result enables us to understand 
why some members of the 6 Cephei class should show such a very 
special kind of variability. | : 

g Cygni also finds a natural place on the ascending arm of the 
temperature curve, at a stage higher than 6 Cephei, and all the difti- 
culties met with in attempting to classify it on Vogel’s view of 
decreasing temperature alone are removed. 


“On Lunar and Solar Periodicities of Earthquakes.” By 
ARTHUR ScHustTeR, F.R.S. Received May 18—Read 
June 17, 1897. 


1. In a paper recently communicated to the Royal Society “On 
Lunar Periodicity in Karthquake Frequency,” Mr. C. G. Knott gave 
some results, from which he argued that areal connexion between tidal 
effects and earthquakes probably existed. These results are based ona 
method which has frequently been employed. The records of earth- 


| quakes are grouped together and expressed by means of a Fourier 


series, and conclusions are based on ihe greater or smaller values of 
the coefficients of this series. In order to decide what value is to be 
attached to such investigations, it seems necessary in the first instance 
to discuss what would be the order 6f magnitude of the coefficients, 
on the supposition that the events have happened perfectly at random 
without any connecting law. It is the object of this paper to solve 
this question, and to apply the solution to the periodicities which are 


‘Supposed to exist in the frequency of earthquakes. 


2. If it is required 10 investigate a possible period of p intervals of 
time in a series of members, f,, t2, t3, &c., 1t is usual to arrange the 
numbers according to the following scheme, where ¢,! stands for tn+15 
yl! for ton 4.15 SC. Sor 
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Tl, ibys &e., represent the sums of the vertical columns. In the 
discussed in the first part of Mr. Knott’s- paper the intervals a4 
hours, and p is taken to be 25, 2.6., approximately equal to a 
interval between two successive meridian passages of the m e 
T, would therefore represent the number of earthquakes which ha 
happened within an hour after the meridian passage of the moon i 
The numbers T may be expressed by a periodic series of the fom 


Say ai COs 0+ a3 cos 20+ cece +Qy COS 0 
+ 6; sin @+6, sin 20+ osee thy isin (p+1)0 ..... (1) 
; 7 


where S = T, if we substitute 0 = 27 | 
= 27/p, and generally S bec g 
by the substitution 6 = 27q/p. a i a 
The coefficients are determined by a well-known process, which 
gives : : q 


06 = Lite Vo ec eece cio wcovicn.. Lp 
-3ph = T, cos 0+T, cos 26+....4+T, cos 70 b 6 = 2r[p .-+. (2) 
go, = T,sinO+T,sin26+ .... apd Ea : 


The amplitude of the first periodic term would be Tikes faethe 

ft is seen that a is equal to the mean value of al] the: qnaaritaes T 
or to s times the mean values of all the quantities ¢. 

From the above equations it follows that— 


2 \ “ p é 5 
sie _ (T,cos0+T, cos20+ ., + Ty cos p0)* + (T, sin0+T,sin2e+ .. + Ty sin pA)? 
A a (T, +Po+-.. Tp)? a 


ieee am 


We may take the quantity p = 71/A aS & Measure of the periodicity 
corresponding to p intervals. Our problem now is this: “ What ts the 
probability that p shouid lie between any two assigned values p, and pm, 
on the supposition that the events are al] distributed at ioe eae The 
problem may be put into a more general form. The events lied the 
earthquakes in Mr. Knott's paper, have all been put into the same 
compartment if they happened within certain interval of time (an 
hour in this case), no matter whether they happened at the beginning 
or at the end of that interval. This simplification ig introduced only 


for purposes of more easy arithmetical calculation. Theoretically, - 
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and if we had a sufficient quantity of material, it would be better to 
reduce the lengths of the intervals and to increase their number 0, 


Tf this process is carried sufficiently far equations (2) become 


Pa = Nn, 
= Pd, = cos xt, +cos xtp+ .... + COS Ktns 
5 poy — sin xt, + sin Kl + econ a sin Kt Cie oe eeee (4), 


where x is the total number of events and « stands for 27/T, T being 
the whole length of the period, and t,, %, &c., the times of occurrence 
of successive events. 

Hquation (3) will become 
NT; | : ae 
a. = {(cos «t+ cos «tg+ .. cos tn)? + (sin «t,+sin ch +.. +8in KE, )? 2 


24 
eee MN 


The meaning of the expression on the right-hand side is best illus- 
trated by means of a diagram. On a circle with centre at O and 
uait radius, take points P,, P, such that the angles between the 
lines OP;, OP, and a fixed direction are kh, kt, &c. Te OR. .OP, 
represent forces of equal intensity but different directions, the right- 
hand side of (5) gives the magnitude of the resultant force. As, 
according to hypothesis, the events may happen with equal prob- 
ability at any time, every position on the circle is equally probable for 
every point P. Under these circumstances it has been shown by 
Lord Rayleigh* in a paper “ On the Resultant of a large number of 
Vibrations of the Same Pitch and Arbitrary Phase,” that the prob- 
ability of the resultant having a value lying between s and s-+ds is 


2 e-# sds Solita’ <)0reis) wists lobessieleile shes UO), 
n 


n being the total number of vectors combined. It is a simple matter 


to pass from this result to the solution of our problem. 


From (5) and (6) it follows that the probability for the value of 
n,/2a lying between $np and 4n(p+dp) is 


(7 BNO) ay) 
g Pe ne dp PEOCCH CCH EC OZ2 COPE OOO S GG), 


and this is therefore also the probability that r,/a) has a value inter- 
mediate between p and p+ dp. 
The expectancy for 7,/a) is 
foo) 
pret 2" dp = Be reno rie coe 
0 
* ‘Phil, Mag.,’ vol. 10, p. 73 (1880, IT). 
2 Kg 
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The probability that the value of 1/a9 exceeds p is 


a ‘ 
P e— te" do = e-inp? cee eeereeoeoeceeco es (9), 


p 


If the higher coefficients 7 = VY a,’+b,", &., are treated in the 
Same manner, the same expression is found +o hold. : 
Our final result may now be expressed as follows :— 
If a number n of disconnected events occur within an interval of time 
TI’, all times being equally probable for each event, and wf the frequency 
of occurrence of these events is expressed in a series of the form 


t—t t—t. t—ty 
@(1401008 27 4 pcos 4 Sah cece TPn COS 2p7 T ), 
the probability that any of the quantities p has a value lying between p 
and p+dp ts | be kth 


5 penta, 


and the expectancy for p is 
V x/n. 


In proving this proposition it was assumed that the number of 
intervals into which the period T is subdivided is very large, but this 
condition is not essential. To suit accurately the process employed 
by Mr. Knott, we should have to consider the vectors OP,, OP2, &e., 
to be confined to fixed directions forming angles 27/p with each 
other. But it follows directly from the method employed by Lord 
Rayleigh that his results must apply to this case also, if pisa 
multiple of four. It is further not necessary to enquire whether 
(7) holds in the most general case, when p, for instance, is an odd 
number, because the process employed by Mr. Knott and others ig 
justified only on the assumption that the number of intervals into 
which the period is subdivided is so large that a further increase of 
it would not alter the relative value of the coefficients of the Fourier 
Series. | 

3. Unfortunately Mr. Knott has adopted a common but in my 
opinion mischievous practice, which renders some further reductions 
necessary before we can apply expressions (7) and (8). Instead 
of basing his calculations on the number of earthquakes which 
took place in any particular lunar hour, he first takes over- 
lapping means of the numbers put down for five consecutive hours. 
This practice has its legitimate use, when it is desired to make 
periodicities apparent to the eye by plotting down a series of 
numbers which by themselves may be too irregular to bring out the 
peculiarities which it is intended to show. The averaging of a 
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| ertain number of successive figures eliminates to some extent the 
™ c 


shorter periods, and therefore emphasises the longer ones. But os 
Jimination is done in a much better and more complete manner by 
BA rict’s analysis, and when it is therefore intended to submit the 
foures to that process of calculation, the smoothing down of the 
original numbers, represents a waste of arithmetical work, uncom- 
pensated, as far as I can see, by any advantage. | 

To judge of Mr. Knott’s results it 18 necessary therefore to pa 
the effect of the process of calculation employed by him. e 
problem to be solved for that purpose may be stated thus aa 

A number, p, of figures, y:, y2.... Yp, is expressed in terms of the 

eriodic series (1). A second series is then formed by taking the 
Bin of m successive numbers, the first two members of the series 
being Yityet.oee Ym and YtYs+..06Ymy1- The original a = 
supposed to repeat itself, so that the last member of ee ae 
series becomes Yp+yit+yo+.... +4 m_1- It is required to fin e 
relation between the coefficients of the Fourier expansion for the two 
wtb will be sufficient to find the solution of thig problem for the case 
that the original series y,, y, represent equidistant ordinates of the. 
curve y = Cos xa, so that 


Yi = COS KX, Y2 = COS (KX, +6), Y3 = COS (Ka, +26)... 


Ym = COS (KX; +(m—1) 6). 


‘The solution of this case really includes the general one, for the 


original series y is supposed to be represented by a number of terms, 
Bach of which is simply periodic, and to each of which the result of 
the special case may be separately applied. 

The first term of the derived series may be obtained by a well 
known process, for 


sin 5 mo / el 
y! — Yityot ee °° Um —— sind. COS ee ; ome 


The subsequent terms are obtained simply by altering the value 


of a). ay 
The derived series, y', y'', &c., represents therefore the equidistant 


ordinates of the curve 


(12 of me) 


It is a curve having the same period as the original one, but 
having an amplitude reduced in the ratio sin 2mé/sin 26. Applying 
this result to the separate terms of the series (1) and remembering 
that 6 represents the difference in phase between two successive 
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terms of the original series, it is seen that the coefficients Ay and}. 
q. 


are both redueed in the ratio sin ma y sin i This result has to me 


divided by m to fit it to the case that the derived series is no} 
formed by taking the sum of m successive numbers, but by takiz 
their mean value. i a 

The effect of smoothing down the irregularities of the observed 
numbers has therefore the effect of reducing the qth coefficients of 
the Fourier series in the ratio : 


sin: 227 jm gin 27 | 
P P 


In the case under discussion, m = 5, p = 25, so that'the ampli- 


tudes of the first four coefficients of the series are reduced respeéc- 
tively in the ratios 


0-938, 0°765, OO17,° — 0:244,, 


Lhe number of earthquakes taken into account was 7427, so that 
the expectancy for the amplitude of any one of the coefficients, irre- 
spective of the smoothing process, would be | 7 


V 7/7427 = 00206. 


If this number is multiplied by the above fractions, and then 
by 1000 in order to make the units agree with those of Mr. Knott's 
paper, we obtain the numbers placed in the first row of Table I; 


the second row gives by comparison the coefficients actually found by 
Mr. Knott. ! ; 


Table I. 


Coefficients. C,. ° C. C, 
e e 


lixpectancy for the: coefficients by the | 19°3 
theory of probability 


Coefficients found by Mr. Knott 


10°6 5°02 


@e@ervreece 


10°3 102920415 93 +97 
a 


The numbers in this table do not support Mr. Knott’s contention 
but seem to me rather to be a striking confirmation of the theory af 
probability. It must be remembered that the “ expectancy ” only 
gives the average value of a great many cases, the individuals of 
which may differ considerably from that average. T'hus it may be 
calculated with the help of expression (9) that in about one aaueredl 
of every four the coefficient C, would come out stil] smaller than the 
number found by Mr. Knott, while the coefficient C, would be larger | 








te 
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jhan Mr. Knott’s number in two out of every five cases. It will, I 
think, be admitted that, until further evidence is brought forward, 
¢he lunar day cannot be considered to affect earthquakes. 

4. In the second part of his paper, Mr. Knott treats of the 
monthly and fortnightly periodicities. He expresses himself very 
guardedly as to the results of this part of the investigation, chiefly 
on the ground that the amplitudes found for the period of the 
“nodical’’ month are quite as great as those found for the “ tropi- 
cal” or “synodic”? months. As there is no conceivable reason why 
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‘the nodical month should affect earthquakes, the conclusion will 


reasonably be drawn from this, that any period chosen at random 
would give similar results. I think we must take it, in default of 
further evidence, that this argument is valid and outweighs the not 
very conclusive considerations which seem to Mr. Knott to favour 
the reality of these lunar periods, in spite of the weakness of the 
evidence to which he himself draws attention. The number of 
earthquakes taken into consideration are about 4730, and this would 
give an expectancy for each of the coefficients equal to 0:0258. A 
reducing factor has to be applied which differs for the different 
coefficients as has been explained in the case of the periods depend- 
ing on lunar day. I obtain in this way the numbers shown in 
Table II. For the sake of completeness, I give the amplitudes found 
by Mr. Knott for the various months, and also the mean amplitudes 
of the different monthly periods. 


Table II. 





* Month.”’ 





(1), -Anomalistic, :<,.:2, a-.::02 

(2) EPO DICAL e's: aic.cssp «ae olen kes cath ere 
(SyeModieali sk 0.4 pte 
(AD Sa OIC. 4 sis sp npiv aap ticuelet beapetereis meeey a6 
Mean OF (1) ,(2).. AO) 56 (Gb) veroescisuslede + c10\4,¢ 
Expectancy by theory of probability ... 





Dobe BR ob 
Hs OF co 2 OD 
RD b Ne 
SUR & @& G8 bo 
CURD ROD HES 


The striking feature of this table consists in the first place in the 
roughly equal amplitudes for the different kinds of months, and 
secondly in the fact that the expectancy is in all cases smaller than 
the mean of the coefficients found, and in nearly equal proportions 
at-any rate for the monthly, third-monthly, and quarter-monthly 
periods. 3 edt ? 

5. This points not so much to the reality of the period found, but 
to some common cause which has Jed to too low an evaluation of the 


expectancy. The latter quantity has been calculated under the 
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assumption that the earthquakes are altogether independent of each 
other and take place at random, Any regularity would be contrary 
to this assumption and might affect the expectancy. Thus, for 
instance, it is known that earthquakes take place in groups, a large 
earthquake being generally followed by some minor shocks, 

Mr. Knott states that the « obvious ” aftershocks were left out of 
account in his calculation; but there may be aftershocks which are 
not obvious, and it seems quite likely that every earthquake ig 


followed by a period during which another is more likely to happen: 


than at other times. If there is such a tendency it is easy to see 
that our calculated numbers for the expectancy will be too low. 
Take the case, for instance, that all earthquakes happen in groups of 
two, or, what comes to the same thing, let each earthquake in the 
investigation of §2 count as two. The quantities I have called p 
will not be affected by this change, but the total number of earth. 
quakes being doubled, the expectancy calculated according to our 
formula is now reduced in the proportion of “2 to 1, and would 
therefore be too small in that ratio. It seems to me to be probable 
that the discrepancy between Mr. Knott's coefficients and the caleu- 
lated expectancy is explained in this way. Apart from this possible 
explanation it would not be safe to draw any certain conclusions 
from any instance in which the calculated amplitude has double the 
value of the expectancy, for expression (9) shows that the ampli- 
tudes will turn out to be even greater than that on the average in 
one case out of every twenty-three. The matter to be explained is 
not that any one of Mr. Knott's coefficients is, roughly speaking, 
twice as great as the expectancy, but that all coefficients show this 
tendency towards higher values in not very different proportions. 

6. It is interesting to discuss, from the point of view of this paper, 
the periodicities of earthquakes which apparently depend, directly or 
indirectly, on the position of the sun. We owe to Mr. Davison a 
very complete discussion of the annual period.* The method 
employed by him (in determining the amplitudes of the periodic 
terms), though neither direct nor very accurate, is sufficient for our 
purpose. Taking as an example the record of 5879 earthquakes in. 
the northern hemisphere, given by Mr. R. Mallet, the results of this 
paper show that if they were distributed indiscriminately over the 
whole year the expectancy for the amplitude would be / 7/5879, or 
0023, while Mr. Davison, in § 18 of the paper quoted, gives 0-11 for 
the amplitude. Similarly, the discussion of 8133 earthquakes, for 
which the expectancy is 0°020, yields the number 0:29 for the ampli- 
tude. Here, then, we have the amplitude in one case equal to five 
times, and in the other equal to fourteen times, the expectancy. 

The probability of the accidental nature of so large an amplitude 


-® <Phil. Trans.,’ A,:vol. 184, p, 1107 (1898), 
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is in the first case only 1 in 300,000, and in the second ren 
infinitesimally small. The reality of the period would be ree 
established beyond reasonable doubt, untess the peculiarity of earth- 
quakes occurring in groups, as discussed in the previous section, can 
be shown to raise the expectancy sufticiently. : The fact, eee 
that in each hemisphere the phase of the periodicity found is nt 7 
identical in a great number of cases disposes of all doubt whic 

in on that point. 
. meee sie details Mr. Davison’s results would seem to require 
further confirmation. The evidence, for instance, that the strong 
and weak shocks follow different laws is not very strong when 
examined by means of the theory of probability. Mr. Davison. 
classifies the Japanese earthquakes into three groups, penetrate 
their intensity, and finds that the maxima of the annual ce 
agree in the two stronger groups and take place in winter, while li : 
maxima for the weakest group occur in summer. The Sede i 
the amplitude for the former is 0°17, while the expectancy is O io 
and 0°133 respectively. Here the excess of amplitude over the 
expectancy is not sufficiently marked to allow of any certain cons 
clusions being drawn. A. similar al applies to the record o 
Z 45 of Mr. Davison’s paper). cre 
Bee tis Wane periods of earthquakes have been fully discussed oa 
the same author in a paper published in the ‘ Philosophical Magazine. 
The following table summarises some of the more important results, me 
twenty-four hours period only being taken into account. The ie 
given is that of the maximum, and I have added the expectancy o 
amplitude calculated on the principles of this paper. 


Number of | Expectancy, : 
earthquakes, vy Amplitude. Epoch. 


n 687 A.M. 
Japan (Tokio), Summer . 9 aS 


Winter.. 
Wears. a 
Japan, Summer........ ie 


53 
Vea os oeoate ces ae 


Philippine Islands ..... a 


The amplitudes are seen to exceed the expectancy considerably in 
all cases but one. The reality of the daily period must be considered 
established, unless the evaluation of the expectancy is faulty, owing 
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to the fact that tremors occur in groups (§'5). The good a 3 
between the phases of the periodicity disposes of that doubt ae 
-8. The expression for the expectancy deduced in § 2 ie a 
advantage be employed in similar investigations to decide the 2 a 
of events which it is necessary to take into account in Ne 

establish a pericdicity of given amplitude. It follows from the ] 
of probability that, to be reasonably certain, the meapligua Ge a 
should be at least equal to three times the expectancy. 


oe the amplitude looked for, Hones) ait 


C=8/z7/n, or n= 97/c? = 28°3/c°. 


Thus, for instance, Mr. Knott deduces for his Supposed ly 
period a range of 6 per cent., or an amplitude of 0:03. In orde i 
establish with certainty such an amplitude, it would be nee re 
that Has number of earthquakes taken into account should at least 
ope ito enn or over four times the number actually used in the 

9. The difficulty discussed in § 5 would seem to limit in m 
cases the applicability of the results found. There are, indole 
nearly every case actually occurring in nature, certain regularities in 
the manner in which events happen, and this regularity always favou i 
the higher values of the Fourier coefficients. As it will not a 
possible to estimate in many cases the effect of the expectancy, so 
other form of treatment will often be called for. The followin 
theorem will, I think, prove useful in these investigations :— ‘i 

Let y be a function of ¢, such that its values are regulated by som 
law of probability, not necessarily the exponential one, but acting in ! 
such a manner that if a large number of values of t be chores at 
random there will always be a definite fraction of that number 


depending on Z; only, which lie between ¢, and ¢,+T, where T is any 
given time interval. = 


in Phy +T t)+T 
Writing <A =| ycosxidt and B= | y Sin «tdt, 
t 
and forming ; 


the quantity R will, with increasing values of T, fluctuate about 
some mean value, which increases proportionally to ./T 
T' is taken sufficiently large. . : . a 


If this theorem is taken in conjunction with the two following 
well-known. propositions, 


(1) If y = cos «t, R will, apart from periodical terms, increase 
‘proportionally to T; | . a 

| (2) Tf y= cos Mt, X being different from «, the quantity R will 
fluctuate about a ‘constant value: cE 

















order to ) 


found. 


The Vector Properties of Alternating Currents, &c. Abd 


st is seen that we have means at our disposal to separate any true 
periodicity of a variable from among its irregular changes, provided 
we can extend the time limits sufficiently. 
The proof of this proposition lies outside the limits of this paper. 
The application of the theory of probability to the investigation of 
what may be called ‘‘ hidden” periodicities, an instance of which has 


» here been given, may be further extended, and interesting results are 


obtained when a number of periodicities, such as those supposed. to 
depend on the rotation of the sun about its axis, are critically 
examined. A full treatment of the subject will shortly appear in 
‘Terrestrial Magnetism.’ 


“The Vector Properties of Alternating Currents and other 
Periodic Quantities.” By W. E. Sumpngr, D.Sc. Commu- 
nicated by O. Hunrici, F.R.S. Received May 28,—Read 
June 17, 1897. 


It has been well. known for many years that the variations of a 
simple harmonic function, such as Acospt, can be represented by 
the projection, on a fixed line, of a vector of constant length A sup- 
posed to revolve uniformly so as to complete one revolution in a 
time T given by the relation pT = 27. The angle between the 
revolving vector and the fixed line is pt at any instant ¢. In the first 
edition of Thomson and Tait’s ‘ Natural Philosophy’ (vol. 1, p. 38, 
§ 58), it is shown that any two simple harmonic functions of one 
period can be compounded to a single simple harmonic function of 
the same period, and that the vector, representing the compounded 
function, is obtained from those representing the component func- 
tions by the ordinary process of vector addition. 

This device has proved useful for many purposes, but it has 
proved especially valuable in connexion with alternate current 
problems. Its application to such cases was first clearly pointed 
out by Mr. T. H. Blakesley more than twelve years since. The use 
of it in alternate current work has gradually developed into what 
may be described as a vector, or network, method of representing 
alternate current quantities. In this method the length of the vector 
denotes the magnitude of the current or voltage, while the angle 
between any two vectors represents the time which elapses between 
the instants ai which the maximum values of the corresponding 
quantities occur. In particular, if one line represents the voltage on 
a conductor, and a second line denotes the strength of current 
produced in it by this voltage, the power absorbed in the conductor 
is measured by the product of the length of the two lines into the 
cosine of the angle between them. It is to this possibility of 
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deducing from the network figure the electrical power absorb 
the conductors, as well as the magnitude of each curren 


voltage, that is chiefly due the usefulness and importance 
mode of representation. 


t, and 
of this 


It will be convenient here to describe briefly the mathe 
basis on which the method rests. I¢ will be evident that 
represent the value of a simple harmonic function A cos pt e 
the projection of a revolving vector on a fixed line, or by the 
tion of a stationary vector on a revolving line. It will be more C 
venient for our purpose to adopt the latter plan. If, therefore a 
have a vector a, of length A, the projection of this on a line supposil 
to revolve uniformly will always be equal to A cos pt, provided th 
period of revolution T is such that pl = 27, and provided also th i 
the line coincides with the vector at the instant from which a 
measured. We can, moreover, represent the value of Bsin pt by aa 
projection at the same instant on the same revolving line of a vec 
B of length B, provided only that the vectors « and B are nerpeal 


dicular. It will also be evident that any other’ simp] 
: . mple h ; 
function of the same period Pe Semone 


maticg) 
we ma 
ither by 


mA cos pt+nB sin pt 


will be similarly represented by the projection of the vector 
ma+ np, 


and the length of this vector will be equal to the maximum value of 
the function it represents. | : 
Now, in any system of conductors traversed by alternate currents 
if every electromotive force E, is a simple harmonic function of one 
period, EH; = V; sin ( pt+z), and if the coefficients of induction and 
the capacities are all constant quantities, it follows mathematically 
ae each current, and each voltage, can be expressed in the general 
orm 


F = dX cos pt+psin pt, 
which can thus be represented by the vector 
v= dat uf, 


where a and f are the perpendicular vectors representing cos pt and 
Sin jt. 

li « and B are unit vectors, the length of vis ./ (\?+ u*), which ig 
the maximum value of the function F. The magnitude of an alter- 
nate current quantity is however estimated by the square root of its 


mean square, and not by its maximum value, and since 








ed by al . 7 


projec. ’ 
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12 
nl Pa =40r+e), 
if we choose for a and 8 two perpendicular vectors of lengths numeri- 
cally equal to 1/,/2, the length of vy = rx+pB will be equal to 
Js’ +), or to the magnitude of F. 

If now we consider the value of the mean product of two functions 
F,xF, = 

(A, cos pt + m, sin pt) (rz cos pi + my sin pt), 
we see that this mean product is 
3 Ouret pape), 


or the same as the scalar product of the corresponding vectors, 


Cie + 148) (Age + pf). 


Every alternating current problem is reducible to the considera- 
tion of the current, voltage, and electrical power spent in the 
different conductors. Since all these quantities are varying periodi- 
cally some average value has to be taken. For current and voltage 
the mode of averaging selected is always that obtained by taking the 
square root of the mean value of the square of the quantity during 
the period. The -electrical power is, however, the mean value 
through the period of the product of the instantaneous values of 
voltage and current. Hence, if the current and voltage are repre- 
sented by vectors in the manner described, the scalar product of the 
two vectors will represent the power. This vector method is 
particularly suited to alternate current problems, and has been very 
much used for such purposes by electricians, since it is simple to 
understand and to apply, and it can be used for the simple solution 
of many problems which would otherwise need the use of the 
calculus. 

The method, however, assumes that all the voltages and currents 
considered vary according to a simple sine law. In ordinary com- 
mercial practice this is unfortunately not the case, owing chiefly to 
saturation and hysteresis phenomena in the magnetic circuits, and 
also to the fact that ordinary dynamos do not develop an electromotive 
force varying according to a simpie harmonic law. The object of 
the present investigation is to show how far this method can be 
modified, and used correctly, in cases where the currents, although 
periodic, do not vary according to any simple law. 


Since we shall have frequently to refer to the value of the square 
root of the mean square of a periodic function, we shall call such a 
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quantity the magnitude of the periodic function. Thus if 4 
varying function of the time, periodically repeating itself after i 


interval T, the magnitude of v, which we shall denote by 2, 
? 


_ by the equation 
| id } 3 it 
v= magmtude of v = Whe | wdt. 
<0 


When we are considering two such functions, i and 2, 
value of their product will be denoted by : : 


ee 1 T 
Vjp2= i Uvat. 


0 


The mode of measuring electrical power known as TI 
Voltmeter Method,* is really Cerne ee a curious ove 
periodic functions which may be stated as follows :— i 
If any two arbitrary periodic junctions, v, and x, be represented ; 
magnitude by the lengths of two sides of a triangle, and if the shina 


side represents the magnitude of v (another periodic function equal 


eT 

= we ; 

DAG 7 we ‘s 
Rig 


Ss, 


to the sum, or difference, of the former two), then the mean value of 
the product of any two of these functions will be represented by she 
product of the lengths of the two corresponding sides and the cos; 
of the angle between them. i “ 

Thus, in the figure, if CA. represents v,, and BC (or CD) represents 
Vv, then BA will represent v,+~, and DA will represent v;—¥v,: also 
the mean product of (%+2)¥2 will be BA x BC cos ABC the monn 
product (v;—v,)v, will be DA» CA cos CAD, and go on. Thus we ma, 
regard v, and v2 as. vectors, the length of the vector representing the 
magnitude of the periodic function, and the scalar product of two 
vectors the mean product of the two corresponding functions. Any 
periodic function derivable from v, and , by a linear relation. can be 
similarly represented in accordance with the ordinary properties of 
vectors, and the scalar product of any two such vectors will be equal 
to the mean product of the corresponding periodic functions. 

In order to establish this we may proceed as follows :-— 


a Sa ace Measurement of the Power given by any Electric Current to any 
ireuit,” Professor W. E. Ayrton and Dr. W. E. Sum 5 ‘OC iat 
Ee aichasos pner, ‘Roy. Soc. Proc., 


the Mean t 
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Whatever be the law of variation of v, v,, and v, if 
VUE ce eecevececcceccsscovece (1), 
then . v" = VP +2u7.+ v-" 
and, taking means, we have 
O = vPb2vt, +0, 
whick equation is the same as 
(oy = () £20 + (aioe cece vee (2). 
But if the lengths of the three sides of a triangle respectively repre- 


sent v, %, and Oe, we have from geometry 
(o) =a (o,) + (2) £2(,) (v) COR Deis Mee eS) 


where ¢ is the angle between v, and %,. 

Comparing equations (2) and (3) with the figure, it will be seen 
that for the case represented by the:line AB the positive sign must 
be taken in each equation, while for the other case, AD, the negative 


signs must be chosen. In either case we have vv, = ( v,) (v,) cos ¢. 
Moreover, if in equation (1) we transpose either v; or v,, and square 
and proceed as before, we find that whichever two sides of the tri- 
angle ABC be chosen, the products of these sides into the cosine of 
the angle between them is equal to the mean product of the corre- 
sponding periodic functions. 


The foregoing argument shows that asswming it possible to form a 
triangle with sides equal to the magnitudes of v, v4, and %, such 
triangle has the properties stated. But we have yet to show that it 
is always possible to construct such a triangle, or, in other words, to 
show that any two of these quantities are together necessarily greater 
than the third. 


Now if V=U4+%, 
we find by squaring and taking the mean that 
=a\9 SNe ==\93 
(v) = (a) +) T2012 5 
we shall therefore prove that 


VE SaUi- Wes, 


provided we can establish the inequality 


(Gs (insta cence ee ae 
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so that if we can show for any two periodic functions that thei 
duct of their magnitudes is necessarily greater than the mie a 
of their product, we shall have shown that it is always possi al 
construct a triangle the sides of which represent the magnitnd “_ 
any three periodic functions related as in equation (1). a 
The meaning of (4) can be illustrated by supposing that » renal 
sents an alternating voltage applied to a conductor, and prodnen ai 
current, v2, through it. The right-hand element of (4) then a f ‘ 
sents the power absorbed, while the left-hand element is the oe a 
of volts and amperes. The fact that the power absorbed in “_ 
inductive Gircuit is always found to be less than the product of voll 
and amperes, is usually stated by asserting that the “ power facto ; 
is less than unity for such circuits. Experience has not shown a 
case in which the power factor of a circuit ig greater than unity teh 
this of course is no evidence of the truth of (4), which mudh é 
proved for the general case in which the two periodic functions al 
perfectly arbitrary Fourier series,* ; 
Let us therefore put 


% = (Am sin mpt+ Bim cos NUD). 0 sos «eae (5) 
2 = & (Am sin mpt+ Bom Cos NPL) secce 6 ee (6), 


By taking the mean value of twice the Square of each of these 
equations, we get 


a(v,)° =S > (ete) 


nm 


2(r2) = > (Aon? 4- Bom?), 
Mm 
and by taking four times the value of the mean product we get — 


40,02 ee > CAl Aas BinBon), 


71d 


* In the proof given, the two functions v, and v, are assumed to have funda- 
mental periods that are commensurable with each other, This will always be so in 
practical cases, and what happens with functions of incommensurable periods is of 
but theoretical interest. It is, however, worth notice that no limitation is thereby 
imposed on the application of the theorems given in this paper. These theorems 
deal with mean products, and the truth of them ‘is directly deducible from the 
fundamental inequality given in (4). Now when the periods are incommensurable 
the product v,v, consists of terms such as sin mpt sin npt, where m and n are incom- 
mensurable, and as each of these can be expressed as the sum of two sinuous func- 
tions of angles denoted by (mn) pt, the mean value is zero, the vectors representing 
2%, and v are perpendicular, and the truth of (4) is at once evident. But inasmuch 
as the value of (m—n) may be infinitesimally small, it may be necessary to take an 
infinite time to determine the mean values. 











| 
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aud we shall have proved (4) if we can show that 


4(o) () > (2o,), 


‘or th at 


{> (Aun’ he Bin’) } x {> (Aan a Bom’) } > a (AymAom as BinBen) Ve 
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This will be proved if we can establish the algebraic inequality— 


(AP+A2+ .... +A,”) (BY+B+ .... +B,’) 
> (A,Bi+A:B+ .... +A,Bn)? 220. (7). 


Now 1% will be found quite easy to establish this inequality by an 
inductive method, but there is no need to do so here, since it is proved 
in the theory of determinants that 


« 


A,B,+ A.B.+ eoeee +A,B, 
BeY+B/+ ....+B,’ 


A?+A’?+ .... +A,’ 
A,B,+ A.B, + eooe + A,B, . 


’ 


| Ai Aelia 


ES 
BB | 


2 


and is necessarily positive. 
It follows that the inequality (7) is true. In order that the 


inequality may become an equality the necessary and sufficient condi- 
tions are A 


A,/B, = A, 'B, — eoee — An/Bny. 


In other words, the two Fourier series must bear a constant ratio 
to each other at every instant of time, and must be multiples of the 
same Fourier function. This is a limiting case which is not con- 
templated in (4), and with this exception only, we have shown* 


that :— 


* [The following much simpler proof has recently been noticed :— 
Whatever v, and v, may be, we can always put 


OV} — ATX, Vo = oD) anes 


where a, and a» are scalar constants given by the equations 


Gy = 0}, ha = Uo. 


By squaring each expression and taking means we get 
0 = 2ae+2", O = 2agytut y?, 


where by x is meant the arithmetical mean of x, &e. 
Also, we obtain by multiplication and taking means, 


VOjVo = 442 + LY jr UY + aX. 


VOL. LXI. 
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The product of the magnitudes of two periodte function 
greater than the mean value of their product. ‘ 
From this and from the foregoing reasoning, it follows that 

Any two periodic functions can be represented by vectors in g a 
that the length of each vector represents the magnitude of the 
and the scalar product of the vectors, the mean product of the. 
Any other function derived from the first two by means of a ly 
toon can be represented in magnitude by a vector derived b me 
sume linear relation from the two original vectors. 
of any two such vectors will he equal to the mean 
sponding functions. 


rela. 
€ 
The scalar Produes 


product of the Corre. 


Now suppose « and B are two vectors representin : 

- Fourier series, Fa and Fe. It follows Gor aie law ie 
any vector in the plane @ will be a linear function of a and ‘et 
must therefore represent a Fourier series derivable.from F 2 a 
in a linear manner. If, therefore, we have a third arbitrary Fou a i 
Series, Fy, which cannot be expressed as a linear function of F a 
He, it follows that this cannot be represented by a vector in thane _ 
plane as « and #. It remains to show that a vector, y, out of a 
plane can still be found to represent Fy. -— 

Let us first of all assume that three vectors @, 8, y (not in 
plane) have been found to represent three Fourier Series F',, F aa 

-’ Fy. We can then show that any linear function of a, 2, a i 

represents the Fourier series, which is the same linear finceie of 7 | 

Bs, Fy. a 

For if, in accordance with the notation alrea 


d d 
the symbols Z re es aCe by 


Fa the square root of the mean square of the value of Fy. ¢e_ 
the magnitude of Fa, ‘~ 


HsFy the mean value of the product FeF,, 
a the length of the vector a, | 


By the scalar product of the vectors By y; 


If we substitute from the above relations, we get 


Vi 





Pats ks at a, -= ao 
V\Vo — dla + ay — 44 Aes a8 oy Ate — 
a2" ay 2 4A “ 


where Z represents the value of Unt — AY. 


It follows that vv. is always less than %%, except in the limiting case, in which 
Z is zero at all parts of the period. This will only occur if ; 





Aye = Hy 
at every instant, or when 
Aly = AyVo. 


—June 11, 1897.] 
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_wethen have a= 105. B= Fe, y = Fy, 
By = BeF,, oe = ByFa, a3 = Fulks. 


If, now, we compare the value of the square of any vector 


ha+u8+ vy with the value of the mean square of the corresponding — 


Fourier series \F,+Hs+vF,, we find, by expanding and using the 
above relations, that the expressions are identical ; and, moreover, it 
is clear that the scalar product of any two such vectors 


Oe AF ave) ain vi) (nye os [ef + Vey) 


is identical with the mean value of the product of the corresponding 
pair of Fourier series 


Oy Fat pnFe+ Fy) 2Fa+ pls + Fy). 


We have now, however, to show that whatever F,, F's, Fy may be, it 
is always possible to find three vectors, z, 8, y, to represent them. 

For this purpose let us consider two other Fourier functions, F, 
and F’,, derived in a linear manner from the given functions, Fu, F,, 
Fy, in accordance with the equations 


i, F KF. F 
and. EF, = 


a b a C, 


Ee = 


where a, 6, and ¢ are scalars determined from the mean products, 





Ci == i Hla 
b = FFs, 
gle ne: 
It will then be seen that 
F.F,, = 0 and ry, = 0. 


and whatever I, and I, may be there is a real angle, ¢, for which 


FE, = Fy, x F, xcos 4, 


since the product FF, must be less than F, x OBS 

If, therefore, we take two planes inclined to each other at an angle, 
g, and take two veciors, u, v, in these planes, drawn perpendicular to: 
the line of intersection, and of such length that 


eed 
—_—_—— 


ie Boe « andi och: 


_and if, in addition, we choose a vector, a, along the line of. intersec- 


tion of these planes, and of such length that. 


== as 
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we shall then have 


__ 


aaah (shee Pen 
/=O0= EE, 


— 
—_— 


uv =UXvUvXCOSP = Fx F,xcos¢ = FF, 


or the three vectors 4, u, v completely represent the Series  - 
/ i) 


FB, 3. | | 
Since 6 and y are linear functions of «, u, and v, while F, pp 
are the same linear functions of F,, F., and F,, it follows from 4 


oa Se reasoning that 6, y also represent the periodic function 
Bacay: 


¥, 
e 


8 


It is thus established that :-— 

Any three periodic functions can be represented by vectors in such 
that the length of the vector represents the magnitude of the fun Me 
while the scalar product of any two vectors represents the mean cae 


the product of the corresponding functions. Any other perrodic Junction 
derivable from the original three, in a linear manner, can be similarly 


represented by a vector, derivable Srom the origi 
: ginal three vectors b 
of the same linear relation. ae 


Tt will, however, be seen that it ig impossible, in three-dimensgioned 
space, to find ‘vectors to represent four arbitrary periodic functions 
unless a linear relation connects them. For instance, the functions 


resented. The mean 


to the other three. 


In discussing problems the solutions of which are expressible in 
terms of the mean function, or the mean product 
8 prove advantageous to make 


| y in a very simple 

though perfectly determinate, follows no recognised mathematical 
law; in other cases it consists of a series of discontinuous curves 
each of simple mathematica] character. In all such instances the 


If 
f these mean squares and. 
robably be the simplest one 
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io apply, and possibly many problems exist which may be solved in 
this manner. This seems the more likely when it is remembered 


that, in problems involving periodic forces and fluxes, the energy 
depends upon the mean product of the force and its corresponding flua, 
or, if the forces and fluxes are proportional, upon the mean square of 
the value of either. The theorem, however, seems most immediately 
applicable to the case of alternate current problems. 


To apply the theorem to alternating currents, let us first of all 
consider the case of a network of conductors in which there are 
only three arbitrary periodic electromotive forces, H,, E,, and Es, 
acting in the branches. If the resistances are all non-inductive, it 


_will always then be possible to express the current in each branch, 


and. the potential between any two points, as a linear function of Ki, 
E,, and Hs, the coefficients only involving the resistances of the net- 
work branches. Ifa, a, and a3 are vectors representing the periodic 
functions H,, H,, Hs, it will be possible to represent all the potentials 
and all the currents involved by means of a network of vectors. 

» A case in which the resistance of one of the branches is inductive, 
owing to its possession of a constant coefficient of self-induction, can 
best be treated by assuming that such a branch possesses an arbitrary 
electromotive force H, related to the current C, passing through the 
branch in a manner given by the equation : 


We know nothing of the relation between the vectors representing 
i and O, except that their scalar product is zero, and they are in 
consequence perpendicular to each other. No energy is wasted, due 
to self-induction, since | 


“ 


mI aweG 
| Cup demo. 


This relation gives a certain connexion between the coefficients 
which express C as a linear function of the vectors denoting the 
electromotive forces, but does not make it possible to express Hi as a 
linear function of the other electromotive forces EH, and K,. For 
although we may put H = ,H, + Ae, the coefficients A, and Xe 
will not be scalar quantities, since they will involve not only the 
resistances of the branches of the network, but also the operator 
d/dt. It will always be possible to find a vector to represent H, but 
only in special cases will this vector be in the same plane as the 
vectors denoting H, and E,. 

Similarly a case in which two points of the network are connected 
with the terminals of a condenser of capacity K can best be treated 
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by assuming that the condenser is replaced by a conductor Possegg; 
an arbitrary electromotive force E, related to the current pags 


through the branch in a manner given by the equation | : 


t 
1 
| Difeeye age 
“es ne 
0 


The vectors representing E and C are such that their 
product is zero, and the same remarks apply as in the precedin 
The case of a transformer can be similarly treated. The reacti 
due to the varying induction of the core produced by a current a 
through the primary, must be treated as an arbitrary electr 


& Case, 


Omotive 


force E. The case will differ from that of constant self-induction in 
that the vectors representing E and C are at right angles in the lates | 


case, but not in the former, since, owing to hysteresis and edd 
currents, the core absorbs energy, and the scalar product of the 
vectors EK and C cannot be zero. | 

It willthus be seen that the effect of inductance in a branch of the 
network ts the same as that of an arbitrary electromotive force placed 
there, whether the inductance be due to constant self-induct, 
condenser action, or to transformer action. With this understandin 
it follows that a vector Jigure can be drawn in space, completely repre. 
senting the alternating currents and potentials in a network of conductors 
provided the number of independent alternating electromotive forces dhe 
not exceed three. This figure can be drawn in a plane uf the number 
of such electromotive forces is not more than two. Of course, where 
a linear relation, with scalar coefficients, connects three electromotive 
forces, only two of these are to be regarded as independent. 


Now the vector method which has hitherto been so largely used in 


explaining alternating current phenomena, will not be really service- 
able m the new and extended application here suggested, except in 
cases in which the vector figure is either confined to one plane, or 
can, with all essential accuracy, be treated as if that were the case. 
Fortunately, several circumstances conspire to simplify the appli- 
cation of the theorem to alternate current problems. In the first 
place the vectors which are needed are divisible naturally into two 
sets : one representing the currents, and the other the voltages. It 
8 never necessary to find the product of two of these vectors unless 
they belong to different sets. Although in some cases it may not be 
‘possible to construct the complete vector figure in one plane, it may 
still be possible to construct two figures—one for each Set. Ta prac- 
tical cases one of these figures (say the current vectors) will almost 
certainly be confined to one plane, and if the vectors of the other (or 
voltage) network be projected perpendicularly on to this plane, the 
product of any projected voltage vector and the appropriate current 
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yector will accurately represent the corresponding quantity of power, 
gince. 1t is a well-known property of vectors that the scalar product 
of any two vectors is the same as the scalar product of one of them 
and the perpendicular projection of the other on any plane containing 
the first. — 

It will only rarely happen that a plane figure will fail to give a 
sufficiently accurate representation of the relations between the volts 
and amperes in alternate current circuits. These circuits are gener- 
ally simple in character. Complication is not caused by a multitude 
of conductors unless some of these are inductive. A network of 
non-inductive resistances may involve a large number of currents 
and potentials, but they are all connected by linear relations, and 
the construction of the vector network presents no difficulty. Wher-. 
ever a transformer is used, the primary and secondary circuits can 
be treated as quite distinct. The vector figures representing them 
can indeed be drawn to different scales, the only necessary connexion 
between them being the relation which connects the power put into 
the primary core of the transformer with that taken from the secon- 
dary. As a type of the most complicated circuit likely to occur, we 
may take the case of an alternator feeding the primary coil of a 
transformer, the primary terminals of which are also connected 
through a condenser. Here we have three inductive circuits in 
parallel. There are only three currents to consider. One of these 
can be expressed as the sum of the other two, and hence the current 
vectors lie ina plane. There is only one voltage. This may not lie 
in the plane of the currents, but its projection on this plane will 
give all that is needed. Let E be the electromotive force of the 
dynamo, R the resistance of the armature and leads up to the 
terminals of the transformer, kept at voltage V, and let C be the 
armature current, we then have 


= RC+V. 


The vectors representing EH and V may not be in the plane of the 
currents, but their projections on this plane are vectors which are 
connected with each other by the same linear relation as in the above 
equation, and in nearly all practical cases the projections may be 


_ taken to represent the voltages. 


The chief purpose for which this vector method has hitherto been 
used is to explain or to predict the nature of the changes caused in 
alternate current circuits by variations in resistance, self-induction, 
or capacity, and to deduce the relations which must be fulfilled in 
order that certain resuits may be obtained. It has been possible to 
do this because from the network representing one particular case it 
hasbeen easy to draw the figures representing other cases by merely 
increasing the length of certain of the lines in the proper proportion. 
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It will be evident that the same process is equally applicable h | 
the currents are no longer of a simple sinuous character, provigil 
only that the network representing one particular cage can ie ee 

: rol 


perly drawn; for, however complicated the network may becom 
“COMe, 


when it represents several such cases, 1t is obtained from the Orioy 

network by increasing some of the vectors to correspond ii ae 
changes in the conductors. If we have a current, OC, passing thro se 
(1) a wire of resistance R, (2) a coil of self-induction L, or 3 ey 
condenser of capacity K, the voltages at the ends of these cone” 8 


are @iven respectively by the expressions tors 
j ck 
and —=+| Cdé 
mn EI . 


0 

and hence the vectors representing them’ are proportional regye 

tively to “a 
R, i; and 1/K, 


and the effect of an alteration in R. L or K can o : 
° « i 3 : general] be 
indicated on the network figure, y de easily 


It may, therefore, be taken as established that the vector method 
of representing alternate current quantities is as applicable when 
the currents and potentials vary in a@ manner widely different from 
the sine law as when they are simply sinuous. But it is desirable in 
this connexion to repeat and emphasise an old warning about the 


continued use of coefficients of gel? and mutual induction in the - 


theoretical investigations of alternate current problems. These co- 
efficients may be of service in connexion with coils not possessing 
iron cores, but they are very misleading in commercial cases in which 
‘ron is present. By no choice of the value of these coefficients is it 
possible to represent the phenomena of hysteresis. The presence of 
the latter implies that the current has a different law of variation 
from that of the voltage, while the assumption of constant induction 
coeflicients necessitates that if either the current or potential follows 
a sine law the other must also. Again, constant self-induction in- 
volves the assumption that there is no loss of energy in the magnetic 
changes going on in the iron, an assumption which is not only known 
to be wrong, but one which involves an error of serious practical 
importance, Tt has already* been pointed out that the difficulty of 
reconciling theoretical formule with experimental results does not 
arise so much from assuming that the currents vary according to a 
simple sine law, as from the quite unjustifiable assumption and use 
of constant coefficients of induction. 


* See ‘Electrician,’ June 5 1891, “ Alternate Current Theory,” by Dr. W. E. 
Sumpner. 
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“Note on recent Investigations on the Mechanical Equivalent 


of Heat.” By E. A. Grirrirus, F.R.S. Received and Read 
June 17, 1897. 


Yesterday (June 16) I received, from Professor Ames, of Johns 
Hopkins University, the results of an important investigation which 
has been carried out under the direction of Professor Rowland and 
himself. An elaborate comparison of the thermometers used by 
Rowland, with certain standards supplied by the International 
Bureau, has been performed by Mr. W. 8S. Day. This comparison 
has been made under conditions as similar as possible to those 
prevalent when the thermometers were used by Rowland during his 
original experiments. A further most elaborate comparison has also 
been conducted by Messrs. C. W. Waidner and F. Mallory between 
a platinum thermometer, previously standardised at Cambridge 
(England), and Rowland’s thermometers. The results of these 
separate investigations may be regarded as in practical agreement. 

The conclusions to which this prolonged investigation has led the 
authors are so important that I take this opportunity of bringing 
them before the notice of the Royal Society. Full details will be 
given when the respective papers are published in America, but in 
the meantime the authors have given me permission to communicate 
their results to this Society. : 

The following chart is a reduced copy of the one forwarded by 
Professor Ames. 

Tt will be seen that the alteration in Rowland’s values is consider- 
able at certain temperatures. This is rendered more evident in the 


following table. 


‘ Schuster and 
Old. Corrected. Griffiths. Gannen. 


4209 x 10* 4204: x 104 
4200 ALOZ . 
4189 A189 4199-7 x 104 

4179 4183 4193-2 4191 x 10* 
4173 AV77 4187-4 

4171 4173 

4173 A174 


These numbers are in the C.G.S. system and hydrogen scale. The 
point to which I now chiefly wish to direct attention is this—the 
slant of Rowland’s corrected curve is almost exactly similar to that 
resulting from my own experiments. Hence the uncertainties pre- 
viously existing as to the changes in the capacity for heat of water 
over the range 10° to 25° C. are greatly diminished. 7 

Mr. W.S. Day writes as follows :— 
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“ Tf, therefore, curves were drawn representing the specific heat of 
water between 15° and 25°, as given by Rowland’s experiments and 
by Griffiths’, taking the value found in each case at 15° as unity, the 
two curves would be practically identical. This seems to show that 


~~ a toe 
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the difference between the value of the mechanical equivalent found 


‘py Rowiand, and that found by Griffiths and by Schuster and Gannon, 


using electrical methods, may not be due to an error in the experi- 
ment itself, but to some error in the electrical standards of resistance 
or of electromotive force.”’ 

A happy result of this agreement (arrived at by such devious 
paths) concerning the changes in the capacity for heat of water, is 
that we can now utilise the results recently published by Professor 
Reynolds regarding the capacity for heat of water over the range (0° 
to 100° C. A hurried calculation indicates that if we accept Row- 
land’s corrected values, the mean thermal unit over the range 0° to 
100° is in close equality with the “ thermal unit at 19°.” 


‘Cathode Rays and some Analogous Rays.” By SImLVANUS 
P, TuHompson, D.Sc, F.R.S. Received May 10,—Rea 
June 17, 1897. 


(Abstract.) 


1. The size of the cathodic shadow of an object depends upon its 
own electric state, as already found by Crookes.* If it is negatively 
electrified the shadow expands. If it is positively electrified the 
shadow contracts. The position, as well as the size of a cathodic 
shadow, may be affected electrostatically ; the rays which cast the 
shadow being repelled from a neighbouring body if the latter is 
negatively electrified. In some cases the contraction of the shadow 
of a narrow object that is made positively electrical (anodic) may go 
so far that the luminous margins approach and even overlap, giving 
the appearance of a bright or negative shadow in place of a dark 
one. ‘The enlargement of a shadow when the object is made cathodic, 
and the diminution of the shadow when the object is made anodic, 
both depend upon the degree of exhaustion of the tube; and both 
are augmented up to a certain point by raising the degree of 
exhaustion. They are also unequal, the enlargement when the 
object is made cathodic vastly surpassing the diminution when the 
object is made anodic, other things remaining equal. The conclusion 
is reached that cathode rays are capable of being deflected electro- 
statically, being apparently strongly repelled from a neighbouring 
cathodic surface; and less strongly attracted towards a neighbour- 
ing anode. Incidentally it was observed that two cathode beams 
from two small disk cathodes can cross through or penetrate one 
another without interfering with one another. 

2. The electrostatic defiection of cathode rays by an electrified 
object is found to be dependent upon the surface of that object as 


* “Phil. Trans.,’ 1879, Part IT, p. 648. 
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to whether it-is a conductor or not. Objects protected } 
conducting layer of glass do not at moderately low ex 
when made cathodic, repel or deflect cathode rays, and their sha 
does not enlarge. But at a certain minimum exhaustion th 
denly exert an electrostatic deflection. Naked objects made 
deflect the cathode rays at all exhaustions. : 

3. The “splash ” phenomenon often observed on the tube-wal] of a 

Jrookes’ tube, where it is struck by the cathode beam, at the stage 
of exhaustion a little below that which suffices to evoke Réntgen?s 
rays is due to electrostatic deflections of the cathode rays by the 
charges on the glass. 

4. A hot wire used as an object casts a cathodic shadow precisely 
like that of the same wire cold. Under some circumstances, if the 
wire is heated by an electric current, the difference between the 
electrostatic state of its different parts may slightly affect the Size of 
the shadow it casts. | 3 

0. Cathode rays cannot be concentrated by reflection either from a 
non-conducting or a conducting surface, nor by passage through a 
metal tube which is itself negatively electrified. 

6. When cathode rays strike upon an internal metal target or anti- 
cathode there are emitted from the latter (both at exhaustions lower 
than suffice to produce Rontgen rays, and at exhaustions at which 
those rays are also produced) some internal rays resembling ordi- 
nary cathode rays in the following respects :—They produce a 
similar luminescence of the glass; they cast shadows of objects ; they 


ya non. 


ba 
doy; 
CY sud- 


cathodic 


are susceptible of deflection both magnetically and electrostatically. | 
But they produce no Rontgen rays where they fall upon the glass © 


surface. They do not follow either the law of specular reflection, 
nor that of diffuse reflection, but are emitted from the anti-cathode 
surface apparently according to a similarly anomalous distribution 
to Rontgen’s rays, é.e., with nearly equal intensity, at all angles up 
to 90° with the normal. I¢ is proposed to call these rays para-cathodic 
rayS in contradistinction to the ordinary or ortho-cathodic rays. 
From the similarity of their distribution with that of the Rontgen 
rays it is inferred that the physical processes concerned in their 
production are identical. These para-cathodic rays are emitted 
from the anti-cathode both when the latter ig made an anode, and 
when it is neutral or even made cathodic. From an anti-cathode 
there may proceed at one and the same time, and-in one and the 
same direction, para-cathodic rays and Réntgen rays, which, meeting 
an interposed object, may cast simultaneously two shadows—a vara- 
cathodic shadow on the glass, and a Réntgen shadow on an external 
Screen of barium platinocyanide. The former shadow can be deflected 
by a magnet, the latter cannot. The former shadow expands if the 
object is made cathodic; the latter does not. 








haustions aq 
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7. If thin metal screens are used to sift the cathode. rays the 
luminescent phenomena change. The rays of least penetrating 
power appear to be most susceptible to magnetic and electrostatic 
forces. The various constituents of a heterogeneous cathode beam 
are emitted in various proportions at different degrees of exhaustion. 
In the cathode rays emitted at higher degrees of exhaustion there is 
a greater proportion of the less-deflectable rays. The least-defiect- 
able rays are those which most readily penetrate through a per- 
forated screen when that screen is itself made cathodic. 

When ordinary cathode rays fall upon a perforated screen which 
is itself made cathodic, or are attempted to be passed through a 
tubular cathode, there emerge beyond the screen or tube some 
rays, here termed dia-cathodic rays, which differ from the ortho- 
cathodic, and also from the para-cathodic rays. These dia-cathodic 
rays are not themselves directly deflected by a magnet. They show 
themselves as a pale blue cone or streak. Where they fall on the 
glass they do not excite the ordinary fluorescence of the glass. The 
dia-cathodic rays excite, however, a different or second kind of fluor- 
escence; the tint in the case of soda-glass being a dark orange. 
Intervening objects in the beam or cone of dia-cathodic rays cast 
shadows. The orange fluorescence evoked on soda-glass by the 
dia-cathodic rays shows in the spectroscope the D lines of sodium 
only. The shadows cast by dia-cathodic rays are not deflected by 
the magnet, nor do they change their size when the object is elec- 
trified. 


“ Hlectrification of Air, of Vapour of Water, and of other Gases.” 
By Lorp Ketnvny, G.C.V.0., F.R.S., Maanus MACLEAN, 
D.Sc. F.R.S.E., and ALEXANDER GALT, B.Sc, F.R.S.E. 
Received and Read June 17, 1897. 


(Abstract. ) 


§ 1. In this paper the authors describe a long series of experi- 
ments on the electrification of air and other gases with which they 
have been occupied from May, 1894, up to the present time (June, 
1897). Some results of earlier experiments, and of preliminary 
efforts to find convenient methods of investigation, have from time 
to time been communicated to the Royal Society, the British Asso- 
ciation, and the Glasgow Philosophical Society.* 

* “On the Electrification of Air,” by Lord Kelvin and Magnus Maclean, ‘ Roy. 
Soc. Proc.,’ May 31, 1894, and ‘ Phil. Mag.,’ 1894, * Preliminary Experiments to 
find if Subtraction of Water from Air electrifjes it,” by Lord Kelvin, Magnus 
Maclean, and Alexander Galt, ‘ Brit. Assoc. Report,’ 1894, p. 554; “ Hlectrification 
of Air and other Gases by bubbling through Water and other Liquids,” by Lord 
Kelvin, Magnus Maclean, and Alexander Galt, ‘Roy. Soe. Proc.,’ February, 1895 ; 
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§ 2. The method for testing the electrification of air wh 
used in their earliest experiments was an application of the 
dropper,* long well known in the ordinary observation of 
spheric electricity. Its use by Maclean and Goto+ in 1890 
an interesting discovery, that air in an enclosed vessel, previous] 
non-electrified, beeomes electrified by a jet of water falling throy h 
it. Aninvestigation of properties of matter concerned in this 


atmo. 


related as it is to the ‘development of electricity in the breakin 

up of a liquid into drops’? which had been discovered by Holmgray 
as early as 1873, and to the later investigations and discoveries 
described by Lenard,§ in his paper on the “ Hlectricity of Water. 
falls,” forms the subject of §§ 25—37 of the present communication. 


§ 3. The electrification of air by drops of water, breaking from a 


jeb in it, or falling through it, or striking on the ground, or on 
water, or on metal below it, produces absolutely no practical disturh- 
ance of the electric potential measured by the water-dropper in its 
use for the observation of open air atmospheric electricity : but con- 
stitutes a serious objection to its application for investigating 
atmospheric electricity within doors, unless in a very large room 
or hall, and renders it altogether unsuitable for experimental investi. 
gations, such as those described in the present paper. 

§ 4. The authors were, therefore, early led to abandon it- and 
for testing the electrification of air, they used three different 
methods, one or other of which they found convenient in different 
cases. 


Method 1. Observation of electrification of the substance receiving 


the electricity equal and opposite to that taken by air in any 
case of electrification of air. . 


Method 2. Observation of the electricity of an insulated metal vessel 


into which electrified air is introduced, or from which electrified 
air is removed. , 


“On the Diselectrification of Air,” by Lord Kelvin, Magnus Maclean, and Alex- 
ander Galt, ‘Roy. Soc. Proc.,’ March, 1895; “On the Electrification of Air,” by 
Lord Kelvin, ‘Glasgow Phil. Soc. Proc.,’ March, 1895; “On the Electrification 
and Diselectrification of Air and other Gases,” by Lord Kelvin, Magnus Maclean, 
and Alexander Galt, ‘ Brit. Assoc. Report,’ 1895, p. 630. 

* Kelvin and Maclean, ‘ Roy. Soc. Proc.,’ 1894, and Kelvin, Maclean, and Galt, 
“Roy. Soc. Proc.,’ February, 1895; ‘ Electrostatics and Magnetism,’ § 262 (from 
‘Lit. and Phil. Soc. of Manchester Proc.,’ October 18, 1859). 

+ “ Electrification of Air by Water-jet,”” by Magnus Maclean and Makita Goto, 
‘Phil. Mag.,’ August, 1890. 

ft “Sur le Développement d’Electricité & loccasion de la Dissolution en Gouttes 
des Liquides,” ‘ Kongl. Sv. Vet. Ak. Handl.,’ vol. 11, No. 8, pp. 14—43 (pour l’an 
1873). , | 
| § “Ueber die Hlectricitét der Wasserfille,” by P. Lenard, ‘ Annalen der Physik: 
und Chemie,’ 1892. ..; 








Water. 


led. to : 


effect, | 
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Method 3. Observation of the electricity taken out of air by the 
electric filter. 


§ 5. Method 1, was used in the experiments described in their 
communication to the Royal Society of February, 1895, from which 
it was concluded that air and several other gases tried became 
electrified by blowing them in bubbles through water, and through 
solutions of various salts, acids, and alkalis, in water. This conclu- 
siou was verified for the case of common air and pure water by 
collecting, into a large reservoir over water, air which had been 
bubbled through pure water in a U-tube. The electrification of the 
air thus collected was tested by a water-dropper, taking the same 
potential as the air at the centre of the reservoir. It was thus 
proved that the electrification of the air was negative, as was to be 
expected from the positive electrification which the authors had 
found on insulated vessels containing water through which air had 
been bubbled. 

§ 6. Method 2, was used in the first experiments described in the 
present paper (§§ 16—24) which were undertaken for the purpose 
of determining approximately in absolute measure the total quantity 
of electricity in a given mass of electrified air; and particularly for 
finding the greatest electrification which could be communicated to a 
large quantity of air by needle points supplied with electricity from 
an electric machine, The result thus found in § 23,3°7 x 10-C.GS. 
electrostatic, is the greatest electric density (quantity of electricity 
per cubic centimetre) which the authors have hitherto been able to 
measure in air electrified by electrified needle points. But by an 
electrified hydrogen flame a density of 22 x 10-‘ C.GS. electrostatic 
unit was obtained in air (§ 65). 

§ 7. Inall the other experiments described in the present paper, 
Method 3 was used; but probably the authors must return to Method 
2 if, in future, they undertake further experiments to find the greatest 
electric density which they can measure in air or other oases, 


“Qn the Change of Absorption produced by Fluorescence.” 
By Joun Burxe, B.A. (Dub.), Berkeley Fellow of the 
Owens College, Manchester. Communicated by Professor 
ARTHUR SCHUSTER, F'.R.S. Received June 10,--Read June 


7189 ¢. 
(Abstract. ) 


If a body, A, of some fluorescent substance, such as uranium 
glass, be transmitting light from a similar body, B, which is fluo- 
rescing; the amount of light transmitted by A from B seems quite 
ditterent, according as A is fluorescing or not. There appears to 
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exist in a dilute solution of fluorescine or eosine a small differeng 

but a strong solution of either does not permit its fluorescent Hae 
to penetrate, except a very small thickness of the liquid, whethe 
flnorescing or not. ie 


Sulphate of quinine is too transparent to the luminous Lays, go 


that even if a change did exist it could hardly be detected. The cage 
is otherwise with uranium glass, in which the effect is well marked 

The compounds of uranium are remarkable for many characteristic 
properties connected with fluorescence, which they seem to exhibit 
more readily than most other bodies. The spectrum of the fluor. 
escent hight emitted by uranium glass shows certain maxima, and 
minima, aS was noticed by Stokes in 1852. | 

The experiments which have been carried out with a view to 
testing whether a change in the absorption is produced by fluores. 
cence, have been almost exclusively upon uranium glass. Regarding 
it as the most suitable substance to experiment upon, a carefy] 
series ‘of experiments have been made to determine whether the 
phenomenon really existed or not. 

If we call « and B the fractions of the light from B transmitted by 
A, according as the latter is fluorescing or not, for uranium vlass 
1 cm. thick, the values of « in a particular set of experiments, in 
which eye determinations were taken, were as follows. Each 
experiment consisted of twenty observations. 


And for B— 


The mean value of « obtained from these being 2=0°47, B= 
079. | ; 
The ratio ; - ~ Was also independently determined, and found as 
the mean of eighty observations to be 0°507. 
The values of « and B have also been determined photographically, 
giving 
3 a <O048 B >0°75 
> 0°43 < 0°89, 


If we take the maximum value of « given photographically 0-48, the 
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patio ae = 0°32, and instead of obtaining equality when the photo- 
a 


meter is adjusted for this value the difference is most marked. 
The effect has also been shown by obtaining two photographs on 
the one plate; one photograph being the result of an exposure to 


the light from two fluorescing cubes one behind the other, and 


the second photograph the result of superposing the effect of the 
light from A alone, when fiuorescing, upon that from B after having 
passed through A, when the latter was not fluorescing. The exposure 
in each of the three cases being the same, a very distinct difference 
is Shown in the result ; the superposed photographs heing always the 
darker in the negative, notwithstanding the fact that the resultant 
effect of superposing two photographs due to light of the same 
intensity, or nearly so, has been found not to be equal to but less 
than that due to light of double the intensity acting for half the 
time. If the resultant effect were equal to the sum of the separate 
ones, the effect caused by the change of absorption would have been 
still more marked. | 

In the determinations of « and f a null method has been em- 
ployed by which any appreciable want of uniformity in the illumi- 
nation can be detected. & 

The source of illumination has been almost invariably the spark 
discharge of a Leyden jar between cadmium electrodes, being one of 
the richest sources of the fluorescence-exciting rays, and the photo- 
meter one specially constructed for the purpose. 


“On the Theory of the Magneto-Optic Phenomena of Iron, 
Nickel, and Cobalt.” By J. G. Leatuem, B.A., Fellow of 
St. John’s College, Cambridge. Communicated by Sir 
Ropert 8. BALL, F.R.S. Received May 11,—Read June 
7 189% 
(Abstract.) 

In Mr. Larmor’s Brit. Assoc. Report (1893) on the Aciion of 
Magnetism on Light, it is pointed out (§ 20) that there are two 
ways in which the magnetic field may affect the phenomena of hight 
propagation, and two corresponding types of magneto-optic theory. 
It is the object of the present paper to take the fundamental 
equations of the second type of theory in a general form on the lines 
of Mr. Larmor’s recent papers on Electrodynamics, and to develop 
them so as to obtain the solutions of the problems of magnetic reflec- 
tion and of transmission through magnetised films; the formule so 


_ obtained are compared with the available experimental results, and 


the agreement of the theory with experiment thus put to the test. 
YOL. LXT, | 2M 
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2. The notation is nearly the same as Maxwell’s, (P, Q, R), (u,v 


w), (4, b,c), and K, having their usual significations; o is Specific 


conductivity, and c the velocity of radiation; (f", 9”, h'’) corresponds © 


to Maxwell’s total electric displacement, and has components (f, g h) 


and (f', g’, h'), of which the former is the displacement involved in 


the ether strain, and the latter that involved in the polarisation of 
the matter. It being as usual assumed that for light oscillationg 


the effective magnetic permeability is unity, the fundamental equa- 
tions of the theory are as follows :— 


(i) The two circuital relations, 


de db 
dy dz 


= 4orw) and: =: 
(11) The equations of the current, 


w= oP +9,Q—9.R+df"/dt, 


where the vector (1, J, Js) represents the Hall effect. 
(i11) The displacement relations; and the elastic relations between 
electromotive force and the corresponding polarisation, viz., 


fl=ftf, f = P/amc’, 


and Ta K-1 P+b aQ 4, dk 


ane dt dt 


the vector (b,, b2, b3) representing, in transparent matter, the whole - 


magneto-optic effect. 

3. The equations of propagation are found in the usual way, 
(u, ¥, w) being taken as independent variables. In them and in the 
boundary conditions (b,, be, bs) and (91, gz, gs) appear only as the 


AO fees dl” a? ; : 
vector, { (baat o:), (isFa +9), (ge +9) f which is assumed 


equal to Ooe*(a, Bo, Yo), Where (ao, Bo, Yo) is the intensity of maenet- 
isation; Ove” is thus the single magneto-optic constant of the 
theory. 

4, The principal experiments which have been used to test the 
theory are those of Drs. Sissingh and Zeeman on magnetic reflec- 
tion, their observations being measurements of the phase m and 
amplitude « of the “ magneto-optic component” of the reflected 
light, for various angles of incidence. It is noteworthy that the 
value of m derived from the theory involves x, but not C,; while the 
theoretical value of « is proportional to Cy, but does not involve z: 
this circumstance makes the test a severe one. Oe 

d. The following table will serve to indicate what sort of agree- 
ment is found to exist between the theory and the experiments, 
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Kquatorial Reflection from Iron. 


Angle of incidence. | Observed value of m. Calculated value of m. 


209° 26’ 

204° 22’ 

194° 49’ 

190° 

181° i 

179° 239° 48’ 
174° 235° 27’ 


S822 


Sees 


If we suppose that the value of w is about 62°, the agreement 
shewn is remarkably good. Experiments on polar reflection from 
iron point to almost exactly the same value for a. 

If we suppose the value of C, to be given by 


—C, = 7283 x 10-", 


the ratios of the calculated to the observed values of « for the above 
angles of incidence are found to be respectively 1:13, 0:96, 0:99, 0:97, 
1:01, 1:03, and 0°97; so that in the case of the amplitudes also there 
is good agreement. 

6. For nickel the agreement of theory with experiment, though 
not so exact as in the case of iron, is still very good. The values 
indicated for the constants are 


= 76° to 80°, =9—Cy = 9225 x 107”. 


The agreement is better for cobalt, being specially good in the 
amplitude experiments. For polar reflection at incidences of 45°, 
60°, and 73°, the ratios of the calculated to the observed values of mu 
are found to be 0:98, 0:97, and 1:07 respectively. The values indi- 
cated for the constants are 


g.== 64°, One aK LOe2e. 


7. The theory gives a satisfactory account of a phenomenon which 
has only recently been discovered, namely an eitect of the com- 
ponent of magnetisation perpendicular to the plane of incidence. 
The change of phase which measures this effect has been observed by 
Zeeman, who, in a particular case, found it to be 0°003 x 90°, with a 
mean error of 0:001x90°. The value indicated by the theory is 
0:00243 x 90°. | 

8, Two of the many available experiments on transmission through 
magnetised metallic films are used to test the theory. In one of 
these the rotation observed by Lobach is 1°62°, while the value indi- 
cated by the theory is 0'961°. In the other the rotation observed by 
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Drude is 425°, the theoretical value being 2:972°. When it is borne 
in mind that the value of the magneto-optic constant derived from 
reflection experiments hag here been applied to test experiments on 


transmission through films, with resultg not only of the same ordep _ 
of magnitude, but identical within the limits of uncertainty of the 


intensity of magnetisation, the agreement must be considered ag 9 
very satisfactory vindication both of the theory and of the 
experiments. 
9. It is to be noticed that, as b,, bp, 
imaginary part of C,e# 
effect. 
y rapidly alternating 
8 nothing unnatural in thig 
with the fact discovered by 
of conductivity are very much 


“Magnetic Properties of Iron at High Temperatures,” By 
J. Hopkinson, DSc.55H.R.S; 5,Received June 10,—Read 
June 17, 1897. 


The present note is for the purpose of correcting two points in my 
paper in the ‘ Philosophical Transactions,’ A, vol. 180. 

First.—I was of opinion that my experiments showed that heating: 
iron above its critical point did not entirely destroy the effects of pre- 
vious magnetisation. Recent experiments I have made do not confirm 
this opinion. I would therefore wish to delete the following sentences 
in which the matter is referred to, viz. :—Page 414, lines 12 and 13; 
the first paragraph on page 454; the first two lines on page 455 ; the 
first paragraph on page 457; and from the words “two things ” on 
line 5 to the word “second ” on the same page. Also in the 
‘Proceedings of the Royal Society,’ vol. 40, page 321, strike out the 
two paragraphs at the top of the page. 2 

Second.—I have since been unable to obtain go great recalescence 

roximately pure iron as is shown in Curve XXXIX, and can 


oO 
mposition ; to strike 
out the words “This shows why soft iron apparently does not 
recalesce”’; to substitute “ this” for “the” and strike ont “ of the 
soft iron ” in the last line. 


I also take the opportunity of correcting an error in the joint paper 
of myself and Mr. Wilson, vol. 189, pages 109—136. Delete the four 
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lines on page 121 from “The extent” to “0-001,” and substitute 
“The capacity of window glass is but little affected by variations of 
frequency at ordinary temperatures.” The statement as it stands 18 
hardly likely to mislead as it is obviously incorrect ; it 1s unlikely 
that capacity would increase with frequency. 


“Qn the Distribution of Frequency (Variation and Correlation) 
of the Barometric Height at diverse Stations.” By Karu 
Pearson, M.A., F.R.S., University College, London, and 
Miss even LEE, Bedtord College. Received June 15,— 
Read June 17, 1897. 


(Abstract.) 


1. Although this paper contains the results of a very large amount 
of arithmetical work, which has been in progress during the last | 
two or three years, it is not intended in the first place as a contri- 
bution to the meteorology of the British Isles. It is especially 
intended as an illustration of method. The authors believe that 
hitherto no exact theory of variation or of correlation has been applied 
to meteorological observations, and they have endeavoured to indi- 
cate that fruitful results may be obtained from such a theory when 
applied to one branch at least of meteorology, namely, eee ae 
frequency. They wished to deal with a fairly extended area W1 
an easily accessible material, and this was found in the Meteorologica 
Observations at Stations of the Second Order for the British Isles. The 
“telegraph” stations would have provided better material, but it was 
far less accessible. The authors have accordingly only dealt with 
threé telegraph stations. The main body of their data was drawn 
from twenty stations of the second order, four of which are in 
Ireland, and the remainder distributed round the coast of England, 
Wales, and Scotland, as indicated on a chart accompanying the 
memoir. 

2. Their first object was to determine the nature of the barometric 
frequency distribution. By means of tables and plates it is shown 
that it can be described with a very high degree of accuracy by 
the use of a generalised frequency curve of the type— 


w\P 
= w(1+2) emi, 


a type which has been fully discussed in a previous memoir on skew 
variation. ey 

A standard frequency curve for the British Isles having been 
selected, it is shown that the frequency distribution varies con- 
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tinuously from this type as we pass from station to Station, ang 
appears to be fairly uniform along lines which are termed 2enep 


alised isobars. If this result should be confirmed, then the POSitions 


of these generalised isobars would require a larger series of Stationg — 


with observations for a longer period of years to determine them 
accurately. 

3. The authors’ next object was to discover what constants of the 
barometric frequency suffice to describe it with the least probable 
error. A somewhat elaborate investigation was accordingly made 
into the probable errors of the constants, and four physical quantities 
the mean, the variation (or standard deviation), the skewness, sae 
the modal frequency were found to be the constants, which described 
a local barometric frequency with the smallest probable errors. 

4. They have next discussed the chief physical features of 
barometric frequency distribution. 

(a) The modal height and the modal frequency are found to 
possess certain advantages over the mean height and the mean fre. 
quency. Various methods are considered for approximately deter- 
mining the position of the mode. The mean modal height for 
Great Britain is shown to be very nearly the standard atmosphere 
of 30”, 

(6) The variability of the barometric height and the skewness of 
the distribution are discussed at some length. <A formula is given 
in terms of the skewness for calculating the probability that the 
barometer at any station will be in excess or defect of the mode or 
ot the mean. | 

(c) A test of the accuracy of the observations for the twenty coast 
stations is made by attempting to interpolate the frequency constants 
of London and Cambridge from those of Southampton, Hillington, 
and St. Leonards. The results are fairly close when tested with the 
results for London and Cambridge calculated directly from the 
telegraph station returns. 

©). In the second part of the memoir the subject of correlation is 
deait with. It is shown that within the limits of the British Isles 
there is a very high degree of correlation (as high as 0:9824 between 
Babbacombe and Churchstoke), only sinking to 0°7572 if we take 
practically the utmost reach of the British Isles. The correlation 
diifers with directions more or less along and more or less perpenu- 
dicular to the generalised isobars, and it is pointed out that this 

gradual change with direction and distance, combined with change 
owing to the interval of time between observations, enables the 
meteorologist to find systems of stations with almost every variety 
of correlation coefficient. 

The probable height and probable deviation from that height at 
any given station, based on a knowledge of the heights, contempora- 
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-neous or not, at one, two, three, or more other stations, are considered. 


It is indicated that with a proper arrangement of times and dis- 
tribution of stations it must be possible to make the probable devia- 
tion zero or nearly zero, and hence to predict with very great 
accuracy the height at one station from a knowledge of heights 
ag other selected stations. The suggestion is made that this prin- 
ciple might very possibly be applied to closely predict future baro- 
metric heights at a given station from antedated observations at 
other selected. stations. 

_ Various theorems are deduced from the general principles of 
correlation : thus, it is shown that— 

(a) There is a balance height for every pair of stations, such that 
when the barometer stands above this height at one station it will 
usually stand below it at the other, and vice versé. 

()) That for a very considerable number of triplets of stations 


which are positively correlated together, so that a high barometer 


at one means usually a high barometer at a second, it can still be 
predicted that if the barometer be steady at one, a rise or fall at 
the second denotes a fall or rise respectively at the third member of 
the triplet. 

These principles are illustrated from actual observations at stations 
in the British Isles. ‘The memoir concludes with an appendix, giving 
an account of a frequency-recording barometer devised by Mr. G. U. 
Yule. 

The writers hope that their paper may draw attention to the 
importance of rendering the large amount of barometric observa- 
tions now made, available for the easy calculation of the variation 
and correlation coefficients. They consider that if a chain of stations 
round a large continental area could have their correlation for a 
series of intervals of time worked out, much might be done in the 
way of very close prediction of barometric changes. 

The authors have heartily to thank Mr. R. H. Scott, F.R.S., for 
assistance in a variety of ways. 
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